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PREFACE 


TO 


THE  FIRST  EDITION, 


In  tracing  the  progress  of  knowledge,  we  may 
frequently  observe  that  the  cultivation  of  particular 
branches  of  science  at  certain  periods  was  de- 
termined by  causes  which  had  little  connection 
with  their  intrinsic  utility.  Fashion,  caprice,  and 
the  authority  of  eminent  names,  govern  mankind 
in  philosophy  as  well  as  on  all  other  subjects. 
But,  independently  of  accidental  causes,  there 
are  leading  objects  in  the  universe,  which,  as  na- 
tions advance  in  civilization,  seem  naturally  to 
direct  their  attention  to  certain  sciences  in  succes^ 
sion.  The  brilliancy  of  the  sun,  moon,  and 
planets,  their  various  motions,  and  connection 
with  the  changing  seasons,  would  first  arrest  the 
attention  of  the  rude  philosopher;  nor  need  vi^ 
wonder  that  he  soon  began  to  regard  them  as  en 
dowed  with  life  and  intelligence,  and  attributed  to 
them  a  mysterious  power  over  human  affairs: 
thus  the  heavenly  orbs  became  the  objects  oi 
religious  adoration ;  and  curiosity,  hope,  and  fe&r, 
lent  their  aid  to  the  early  cultivation  of  astronomyt 
Mathematics  and  mechanical   philosophy  are 
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BO  intimately  connected  with  astronomy  and  th^ 
most  useful  arts,  tliat  tliey  naturally  claimed  the 
second  place  among  the  early  sciences. 

The  branches  of  philosophy  which  comprise  a 
knowledge  of  the  physical  qualities  of  matter,  or 
such  as  are  perceptible  by  the  senses,  follow  next ; 
aild  at  a  later  period  chemical  philosophy,  or  that 
science  which  endeavours  to  ascertain  the  ele- 
JUientary  substunccs  of  which  all  material  objects 
arc  composed.  In  the  order  of  succession,  mine- 
Jralogy  and  geology  are  the  last  of  the  natural 
sciences ;  for  though  an  acquaintance  with  tlie 
earth  is  more  important  to  man  than  a  knowledge 
of  the  distant  parts  of  the  universe,  yet  previously 
to  the  cultivation  of  the  other  sciences,  and  of 
chemistry  in  particular,  our  knowledge  of  the 
mineral  kingdom  could  not  extend  uiuch  beyond 
that  of  the  rudest  periods*  Thus  we  find  that 
notwithstanding  the  precious  metals,  and  many  of 
the  mineral  treasures  which  the  earth  contains, 
have  been  the  objects  of  insatiable  cupidity  in  every 
age,  yet,  till  the  present  day,  almost  all  that  was 
known  of  mineralo^  was  confined  to  uneducated 
working  miners^ 

In  looking  over  the  pages  of  history,  we  may 
observe  that  the  most  polished  nations  of  antiquity 
bad  scarcely  advanced  beyond  a  limited  acquaint- 
ance with  astronomy,  geometry,  and  mechanical 
philosophy.     In  modern  Eiirope>  all  the  natural 
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sciences,  geology  and  mineralogy  excepted,  liave 
been  successfully  cultivated,  and  their  progress  has 
been  astonishingly  rapid  ;  but  till  about  the  middle 
of  the  last  century  the  structure  of  the  earth  had 
scarcely  engaged  the  attention  of  philosophers. 
Near  that  time,  Lehman,  the  German,  first  ob- 
ser\'ed  that  tlicre  are  certain  rocks  which  occupy 
the  lowest  relative  situation  in  difterent  countries, 
and  that  these  rocks  contain  no  organic  remains : 
hence  he  gave  them  the  name  of  primary,  and 
established  a  division  between  them  and  the  rocks 
by  which  they  are  covered,  in  which  the  remains 
of  animals  or  vegetables  frequently  occur :  the 
latter  he  called  secondary.  In  our  own  countiy, 
the  Reverend  J.  Michell  was  the  first  person  who 
appears  to  have  had  any  clear  views  respecting 
the  structure  of  the  external  parts  of  the  earth: 
they  were  made  public  in  a  valuable  paper  on  tlie 
cause  of  earthquakes  in  the  Philosophical  Tmns- 
actions,  \7o9y  About  twenty  years  afterwards, 
■\Ir.  John  Whitehurst  published  his  ''  Inquiry  into 
the  original  State  and  Formation  of  the  Earth." 
His  observations  were  principally  confined  to  the 
rocks  and  strata  of  Derbyshire.  Independently 
of  its  speculative  opinions,  this  work  was  highly 
valuable,  as  an  attempt  to  describe  the  geology  of 
a  district  firom  actual  examination.  The  great 
variety  of  original  information  it  contained,  and  its 
general  acciiracy,  will  remain  a  lasting  monumeiir 
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of  the  writar's  industry  and  ability.  Mr.  White- 
hurst,  however,  fell  into  tlie  same  error  with  the 
celebrated  Werner  in  Saxony,  an  error  to  which 
the  first  cultivators  of  geology  were  particularly 
exposed,  that  of  drawing  general  conclusions  from 
local  observations,  and  forming  universal  theories 
from  a  limited  number  of  facts. 

Though  Mr.  Whitehurst's  book  was  favourably 
received,  yet  till  the  beginning  of  the  present 
century  geological  pursuits  made  little  progress  in 
England.  On  the  continent,  the  researches  of 
Saussure,  Pallas,  Werner,  St,  Fond,  Dolomieu, 
and  others,  had  before  this  time  produced  a  power- 
ful interest,  and  brought  into  the  field  many  ac- 
tive and  enlightened  inquirers.  The  firSt  general 
impulse  given  to  the  public  taste  for  geological 
investigations  in  this  country  was  produced  by 
Professor  Playfair's  luminous  and  eloquent  illustra- 
tions of  the  Huttonian  tlieory.  The  leading 
feature  of  this  theory,  that  all  rocks  or  strata 
have  been  either  formed  or  consolidated  by  central 
subterranean  fire,  was  ably  and  very  warmly  op- 
posed ;  and  much  personal  animosity  and  many  ad- 
ventitious circumstances  were  associated  with  the 
contest,  not  highly  honourable  to  philosophy,  but 
well  calculated  to  keep  alive  the  attention  of  the 
disputants  to  those  appearances  in  nature  which 
favoured  or  opposed  their  different  theories. 

The  interest  excited  by  the  brilliant  discoveries 

lately 
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lately  made  in  chemistry  has  accelerated  the  pro- 
gress of  geology,  by  developing  new  views  respect- 
ing tlie  objects  in  the  mineral  kingdom,  and  cre- 
ating a  desire  to  be  acquainted  with  the  situations 
in  which  they  occur.  Hence  a  taste  for  such  in- 
quiries is  more  prevalent  among  the  intelligent 
elasses  of  society  in  this  country  than  at  any  former 
period ;  and  in  the  course  of  my  professional  pur- 
suits, and  the  geological  lectures  I  have  occasion- 
ally delivered,  I  have  repeatedly  heard  the  want 
of  au  intelligible  introductory  treatise  on  geology 
much  regretted,  by  persons  who  lamented  their 
inability  to  comprehend  the  'Geognosy'  of  Mr. 
Jameson,  and  their  equal  inaptitude  of  attention 
to  the  polemical  controversies  of  M.  De  Luc. 
To  both  these  gentlemen  geology  is  under  consider* 
able  obligations;  and  if  their  elementary  works 
liave  failed  in  exciting  general  interest,  it  is  owing, 
I  conceive,  to  an  over-strained  attachment  to  tlieir 
particular  theories,  or  to  the  technical  obscurity  in 

which  those  theories  are  involved  *. 

He 

♦  Mr.  Kirwan  may  be  justly  regarded  as  the  father  of 
British  Mineralogy :  but  he  appears  nerer  to  have  studied 
geology  out  of  his  own  cabinet ;  for  though  Dublin,  where 
he  resided,  is  more  favourably  situated  for  geological  in- 
quiries than  perhaps  any  other  capital  in  Europe,  he  con- 
sidered the  interesting  rock  formations  iin  its  vicinity  as  ob- 
jects far  too  sacred  to  be  explored,  except  by  German  eyes. 
The  Dublin  Society,  in   conformity  with  his  example,  have 

recently 
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'He  who  attempts  to  make  a  scientific  subject 
familiar,  runs  the  risque  in  this  country  of  being 
deemed  superficial :  a  plentiful  share  of  duIUiess, 
combined  with  a  certain  degree  of  technical  pre- 
cision, are  regarded  as  essential  proofs  of  pro- 
fundity. By  prescriptive  right  long  established  in 
these  realms,  dullness  and  pedantry  guard  the 
portals  of  the  temple  of  Science,  and  command 
those  who  enter,  to  avert  their  eyes  from  whatever 
can  elevate  the  imagination,  or  warm  the  heart, 
and  to  look  at  nature  through  a  sheet  of  ice.  In 
compliance  with  their  authority,  writers  of  in- 
troductory treatises  have  generally  thought  it  neces- 
sary to  avoid  that  felicity  in  the  familiar  illustra- 
tion of  scientific  subjects  so  conspicuous  in  some 
of  the  elementary  works  of  our  neighbours.  With- 
out venturing  to  depart  too  far  firom  established 
usage,  1  have  endeavoured  to  render  geology  more 
intelligible,  by  avoiding  as  much  as  possible  theo- 
retical and  technical  language,  and  by  introducing 
a  simple  airangement  suited  to  the  present  state  of 
our  knowledge.  The  local  illustrations  from  va- 
rious parts  of  our  island,  with  the  drawings,  sec- 
tions, and  map  in  the  present  volume,  will  I  trust 
facilitiite   the   study  of  geology,  and   prove  par- 


recently  elected  a  German  Mineralogist  for  the  avowed 
purpose  of  delivering  public  lectures  on  Geology,  disregard- 
ing the  trifling  inconvenience  of  Iiis  being  an  utter  stranger  to 
the  English  or  Irisli  languages. 
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ticularly  acceptable  to  tlio?e  who  are  entering  on 
these  inquiries;  at  the  same  lime,  I  flatter  myself 
with  the  hope,  that  the  original  information  this 
work  contains  respecting  tlie  geology  and  natural  his- 
tory of  England,  will  secure  it  a  candid  reception. 

Several  have  been  deterred  from  the  study  of 
geology  by  the  supposed  difficulty  of  learning  its 
attendant  science,  mineralogy ;  but  an  acquaintance 
with  the  nice  distinctions  made  by  many  modem 
mineralogists  is  not  necessary  to  gain  a  knowledge 
of  the  sti'ucture  and  arrangement  of  tlie  great 
masses  of  matter  that  environ  the  globe,  nor  of  tlie 
substances  of  which  they  are  composed.  The 
number  of  simple  minerals  which  form  rocks  and 
strata  is  small ;  and  when  the  student  is  well  ac- 
quainted with  their  physical  and  chemical  proper- 
ties, their  external  characters,  and  more  common 
modes  of  intermixture  and  combination,  he  is  pre- 
pared to  commence  an  examination  of  nature  for 
himself  witli  satisfaction  and  advantage.  '^Tlie  [)e- 
dantic  nomenclature  and  frivolous  distinctions  re- 
cently introduced  into  mineralogy,  may  gratify 
vanity  with  a  parade  of  knowledge ;  but  they  arc 
unconnected  with  objects  of  real  utility,  or  with 
any  enlarged  views  of  nature. 

On  hearing  the  various  names  which  minera- 
logists give  to  the  same  substance,  and  observing 
the  avidity  with  which  each  new  name  is  seized,  as 
if  it  conveyed  a   liiJd'^n   charm,    the  uninitiated 
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might  suppose  that  he  was  "journeying  in  the  land 
of  Shinar,"  and  liad  fallen  in  company  witli  a  set 
of  masons  fresh  from  the  tower  of  Babel,  each  one 
calling  the  same  stone  by  a  different  name,  and 
glorying  in  his  absurdity.  Such  frivolities  disgust 
men  of  sense  with  the  study  of  an  important  and 
interesting  science,  a  science  tliat  has  for  its  imme- 
diate object  tlie  structure  of  the  planet  which  the 
Author  of  nature  has  destined  for  our  abode,  and 
an  acquaintance  with  the  situation  of  its  various 
minei*al  productions,  subservient  to  the  wants  or 
enjoyments  of  man  in  civilized  society. 

The  advice  of  Cicero  to  tlie  cultivators  of  moral 
science  applies  with  peculiar  force  to  the  geologists 
and  minei-alogists  of  the  present  day.     *  In  these 
natural  and  laudable  pursuits,  two  errors  are  par- 
ticularly to  be  avoided  :  the  first,  not  to  confound 
those  things  of  which  we  are  ignorant  with  those 
we  know,  or  rashly  to  yield  our  assent  without  due 
investigation ;  the  second,  not  to  bestow  too  much 
labour  and  study  on  obscure,  intricate,  and  unpro- 
fitable subjects.'    *  In  hoc  genere  et  natural!  et  ho- 
nesto  duo  vitia  vitanda  sunt :  unum,  ne  incognita 
pro  cognitis  habeamus,  hisque  temere  assentiamur 
(<Iuod  vitlum  effugerc  qui  volet  adhibebit  ad  con- 
siderandas  res  et  tcmpus  et  diligentiam).     Alterum 
est  vitlum,  (juod  quidam  nimis  magnum  studium 
i]iultiiinque  operam  in  res  obscuras  atque  difficiles 
coiifcrunt,  casdeuiqu^  non  necessarias.'^ — Cic.  Of- 
i'lr.  i.  6. 
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r  ROM  the  speedy  sale  of  the  first  edition  of  the 
Introduction  to  Geology  without  any  assistance 
fix)m  tlie  patronage  or  early  notice  of  the  literary 
journals  and  reviews,  it  may  be  presumed  that  the 
work  was  favourably  received.  I  am  therefore  en- 
couraged to  publish  a  second  enlarged  edition  under 
circumstances,  in  some  respects,  more  favourable 
to  its  success. 

A  person  unconnected  with  public  societies, 
whose  name  is  undecorated  with  any  appendages, 
has  certain  difficulties  to  encounter  when  he  fn-st 
presents  a  book  on  any  science  to  the  world.  Many 
even  of  the  learned  vulgar,  whose  minds,  as  Locke* 
expresses  it,  are  "  confined  in  a  little  Goshen  of 
their  own,"  are  very  unwilling  to  believe  that  any 
knowledge  or  information  can  exist  beyond  the 
precincts  of  those  establishments  or  societies  with 
which  they  are  acquainted.  The  following  incident 
may  illustmte  the  truth  of  this  remark.  Soon  after 
the  appearance  of  the  first  edition,    a  gentleman 

*  Conduct  of  tlic  Human  Understanding. 
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placed  the  book  in  the  hand  of  a  learned  and  re- 
verend  professor  in    one   of    our   English   Uni- 
versities, accompanied   with   tlie  inquiry,  *  Have 
you  .seen  this  book,  sir?' — ^*  Yes,  I  have.' — '  Pray 
what  do  you  think  of  it?' — '  G — d  !  I  don't  know^ 
but  I  wonder  xvhcre  the  devil  he  got  his  i^iforma- 
lion  I '  was  the  reply.     TJiough  the  answer   may 
sound  unclerical   to  English  ears,  I  am  willing  to 
believe    tJiat  it  is  conformable  to   the  legitimate 
modes  of  figurative  expression  and  the  strictest  rules 
of  poetical  propriety, —  rules  with  which  this  reve- 
rend professor  is  oj  course  so  familiar.  Men  of  more 
enlarged  minds  are  ever  ready  to  hail  the  progi'ess 
of  information,  without  stopping  to  inquire  whether 
it  he  given  by  a  titled  or  untitled  individual.  A  di- 
stinguished ornament   of  tlie  other  university,  a 
prelate  whose  name  will  long  be  dear  to  science,  to 
learning,  and  religion,  the  venerable  bishop  of  T^n- 
daff,  rose,  as  he  expressed  it,  immediately  from  the 
reading  of  u)y  book  to  lose  no  time  in  communicating 
his  aj^probation    to   the  author,  a  testimony  the 
more  flattering,  as  it  was  given  without  any  previous 
conmiunicatiou  or  acquaintance  with  his  lordship  ; 
and  still  more  gPcitifying,  as  it  was  from  the  early 
perusal  of  his  lordship's  Chemical  Essays  that  I  first 
acquired  a  taste  for  these  {)ursuits.     These  essays, 
amidst  the  changing  language  of  tlicory,  will  ever 
remain  a  valuable  record  of  facts,  and  serve  as  a 
perfect  model  for  a  just  philosophical  style ;  learned 

without 
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without  pedantry,  definite  without  technical  obscu- 
rity, at  once  simple,  elegant,  and  perspicuous.  To 
return  to  my  professor :  Should  he  honour  the 
present  edition  with  his  pemsal,  I  trust  he  will 
find  in  it  additional  information,  and  that  he  may 
not  again  invoke  supernatural  agency  to  reveal  the 
means  by  which  it  was  acquired,  the  case  being 
hand  dignus  vindice  nodus,  not  of  sufficient  difii- 
culty  to  require  such  assistance;  I  shall  briefly 
acquaint  him  with  the  secret.  Since  tiie  first  ap- 
peaiance  of  the  work,  I  have  travelled  over  two 
tliousand  miles  of  the  United  Kingdom,  and  had 
an  opportunity  of  revisiting  some  of  tlie  districts 
before  described,  and  of  examining  others  I  had 
not  then  seen.  I  have  also  taken  a  short  view  of 
the  rock-formations  in  the  west  of  Anglesea,  and 
the  opposite  coast  of  Ireland.  From  gentlemen 
residing  in  the  country,  v/lio  had  perused  the  book, 
I  have  received  some  information  and  corrections, 
and  I  have  not  been  inattentive  to  the  more  im- 
portant observations  and  discoveries  of  other  geo- 
logists in  our  country  or  on  the  continent. 

In  the  present  edition  I  have  ventured  to  advance 
some  opinions  respecting  the  process  of  rock-forma- 
tions, which  I  am  inclined  to  flatter  myself  will 
show  that  various  apparently  contradictory  or  ano- 
malous facts  are  referable  to  one  general  cause,  and 
that  some  of  tlie  difficulties  under  which  geology 
has  hitherto  laboured,  admit  of  a  satisfactory  ex- 
planation. 
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planation.  These  speculations  beiog  proposed  as 
queries,  and  tlieir  truth  or  probability  submitted  to 
their  accordance  with  existing  appearances  on  the 
surface  of  our  planet,  I  trust  they  will  be  received 
with  indulgence. 

In  an' introductory  work,  the  entire  departure 
from  language  hitherto  received  by  geologists  would 
be  attended  with  much  inconvenience ;  I  have 
therefore  retained  the  terms  primary,  transition, 
&c.  though  I  am  convinced  that  recent  observa- 
tions show  more  and  more  their  impropriety,  when 
taken  in  their  strict  original  sense.  If,  however,  by 
primary  countries  we  mean  to  designate  those  in 
which  granite,  gneiss,  and  mica-slate  predominate, 
without  any  reference  to  theory ;  and  by  transition 
countries,  those  abounding  in  metalliferous  lime^ 
stone  or  in  rocks  allied  to  slate,  the  terms  can  ocea-r 
sion  no  error,  and  we  thereby  avoid  prolixity  of  de^ 
scription.  The  great  mistake  was  in  fixing  these 
terms  as  the  expression  of  invariable  natural 
characters,  and  in  asserting  that  the  same  succes- 
sion of  rocks  that  occurs  in  Saxony,  which  Werner 
first  described,  exists,  or  once  existed,  in  every 
part  of  the  world.  Since  the  universal  evidence 
of  facts  in  other  countries  made  the  Wemerian  ar- 
rangement no  longer  tenable,  there  has  been 
such  shuffling  and  shifting  of  rocks  from  one  class 
to  another,  that  it  threatened  to  upset  the  whole 
surface  of  the  globe,  to  the  no  small  terror  of  its  in- 
habitants, 
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haUtants,  had  they  been  apprised  of  the  danger. 
A  disciple  of  Werner    has    lately  ventured  to 
anticipate  that  the   Professor  may   find  it  con- 
venient to  let  some  of  his  universal  formations 
'slip  out  of  his  system.'     For  the  consolation  of 
the  timid,  we  may  venture  to  predict,  that  when 
these  universal  rock-formations  pass  away,  the  shock 
will  occasion  no  catastrophe  to  our  planet,  as  they 
never  had  any  existence  in  nature.  The  advocates  of 
this  system,  instead  of  acknowledging  tlie  fiuida- 
miental  error  of  the  first  arrangement,  imitate  the 
physician  of  Moliere,  who  placed  the  heart  of  his 
patient  on  the  right  side  and  the  liver  on  the  left, 
and  when  reminded  by  the  father  that  the  reverse 
was  believed  to  be  the  fact,   replied,  '  Ah !    oui, 
c^Stait  ainsi  autrefois^  mats  aujourd^hui  nous  avons 
changi  tout  ce/^i.-:— "  It  used  to  be  so  formerly,  but  at 
presentwe  have  changed  all  that*."  If  philosophers 
would  turn  their  eyes  more  upon  nature,  and  tliink 
less  of  artificial  classifications,  they  might  not  de- 
scribe their  observations  with  such  a  technical  parade 
of  knowledge,  but  they  would  mark  more  distinctly 
those  natural  characters  and   circumstances  that 
escape  the  eyes  of  common  observers,  but  which 
lead  directly  to  the  most  valuable  discoveries. 

It  has  been  urged  as  an  objection  to  the  cultiva- 
Jtidn  of  geology,  that  the  phcenomena  of  which  it 
proposes  to  treat,  lead  us  back  for  their  explana- 

*  Lc  M6decin  malgrS  lui. 
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tions  to  periods  of  time  of  which  we  have  no  historic 
recor.ds;  and  the  objects  of  present  research  being 
buried  under  the  surface,  our  conclusions  are  ob- 
scured  by  uncertainty.  Objections  of  equal  validity 
might  be  advanced  against  all  the  otlier  sciences. 
In  chemistry,  the  very  existence  of  its  most  impor- 
tant agent  caloric,  or  heat,  as  a  specific  substance, 
is  denied  by  some  very  eminent  philosophers  ;  nor 
have  we,  perhaps,  better  evidence  for  the  existence 
of  oxygen,  azote,  or  hydrogen,  as  simple  elemen- 
taiy  substances.  In  mechanics,  the  important 
question  of  the  ratio  between  tlie  velocity  and 
momentum  is  still  undecided.  Even  in  pure 
mathematics,  where  the  light  of  tiuth  is  supposed 
to  shine  witli  unclouded  splendour,  some  of  the 
very  first  definitions  are  exposed  to  objections  which 
the  most  vigorous  minds  have  not  been  able  to 
remove,  and  demonstrations  of  elementary  proposi- 
tions admitted  by  mathematicians  for  two  thousand 
years,  are  now  found  to  be  defective  or  erro- 
neous*. The  more  abstract  speculations  on  space, 
time,  and  matter,  have  engaged  and  exhausted 
the  highest  intellects  of  ancient  and  modem  times ; 
yet  the  mysterious  veil  is  still  imrcmoved,  and  the 
only  benefit  resulting  from  tliese  inquiries  has  been 
to  exercise,  and  in  some  degree  to  fix  limits  to,  the 
powers  of  the  human  mind.  Are  we  hence  to  neg- 

♦  See  Playfair's  Geometry,  notes  on  book  vii.   prop.  20  ; 
and  Simpson's  Euclid,  notes  on  book  x*.  dcf.  10. 
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lect  the  cultivation  of  science  ?  Because  we  cnnot 
always  bask  in  the  blaze  of  meridian  day,  shall  we 
close  our  eyes  and  sit  in  darkness  indulging  ^^  a  suK 
lenness  against  nature  ? "  There  are,  indeed,  few 
subjects  on  which  we  can  acquire  demonstrative 
proof;  yet  our  faculties  are  so  constituted,  in  rela- 
tion to  external  objects,  that  we  are  able  to  obtain 
a  high  degree  of  probability  sufficient  for  all 
useful  purposes.  The  geologist  cannot  lay  open 
the  internal  structure  of  the  globe,  nor  penetrate 
very  far  beneath  its  surface ;  but  what  is  within  his 
reach  is  sufficiently  interesting  and  valuable  to  ar- 
rest our  profound  attention.     In  the  short  space  of 

m 

tiflie  that  geology  has  been  cultivated,  perhaps  no 
sdenoe  was  ever  more  rich  in  astonishing  discove- 
ries; discoveries  which  have  opened  the  volume 
of  Nature,  where  the  history  of  the  primaeval  inha- 
bitants of  the  g^obe  is  imprinted  in  legible  charac- 
ters. I  have  spoken  elsewhere  of  the  immediate 
utility  of  geological  researches,  as  disclosing  tlie 
various  treasures  of  the  mineral  kingdom.  At  a 
time  when  it  becomes  so  necessary  that  we  should 
avail  ourselves  of  our  natural  resources,  a  work 
which  proposes  more  immediately  to  direct  the  at- 
tention of  my  countrymen  to  the  mineral  repositories 
of  Great  Britain  may  claim  their  indulgence  and 
patronage.  The  difficulties  which  have  been  un- 
necessarily created  in  mineralogy  and  geology,  by 
Tnultiplying  names  to  designate  the  same  mineral 

b  substance, 


-  ttibsfeEthM,  mdby  fmolioiM  Bifbdiviinfo^s  6f  ^)mes« 
Vr^ve  more  then  any  other  eume  retarded  t!hl5*]^o- 
-^^grteft  of  tbeB6  seiMces.  UnforttinMefy/ books  idbne 
'-  mimotmake  the  student  acqwrnted  with' imiMnls : 
^  '4iS^  may  teaeh  hitn  what  a  stibstatice  is  Mt> ;  but 
-'  tilidy  wiU^selddln  enable  him  to  say  what  it  %  \kAess 

be  be  previously  familiarized  with  spCdrnetHli  - 
*  '^'    Th*  external  characters  of  miner«^  are* some- 
*-4imes  too  evanescent  to  be  fixed  by  htnguago,- and 

-  it  is  only  by  freqiietit  inspeetiott  that  the  eye  can  be 
"'  k^bkuatedti  defect  *em  t  hehccthbklftdof  kriow- 
=*  -ledge ia  in  sortie  d^grfee ^nipiHcal,  and  hence ■  tnay 

-  arise  ftatkind  of  pedantic  conceit  saiA  to'charac- 

-  C^S£e«iuiywhofhinR  tliMnselves  accoikplMigi^mne' 
'  ^iralogUts.   -  Jr  hrfghtser<^e  to  abate  thfe  IsupehcHious 

iself-complacehcy,  were  it  moregeneraMf  krto^ri  that 

«*  knowledge  on  which  it  is  founded,  Ttf^jpithM  less 
*■  comprehension  of  mind,  and  less  laboiirbf  thodght 

than  aii&  necessary  for   the  attainmewt    of -the 

humblest  mechanic  art.     A  steady  eye  and  free 
'^^  access  tX)  welKarranged  mineral  collections  tire  all 

the  requisites  for  fonning  an  expert  mineralogist, 
'   wljatcver    may   bo  the  range  of  his  intellectual 

'powers. 
-         In  makii^  these  obscn^ations  I  by  no  iheans 

wish  to  unld^yvahie  mirwralogy ;  the  knowledge  of 

-  it  is  absolutely  necessary  to  the  geologist^  and  highly 
'      useful  for  -various  purposes  of  life ;  Imt  it  is  ^not  the 

'  less  iisefa!  fer  bding  easy  ttf  attslirtment.  i  Object  to 
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.••ciH|Jft>»Bri-(^W^)5jvte|R^e  ,«nJ#-g«fc<Hir,f^V»'«f '••me 

VftnSlBifl^ f^^tmdiagtP'tti*  W^  of 

'ollW!1*jpyJ¥?litgB»  g^l««  A*"!  tfx  itojirs  wiuQhfgMeni 

i<9!^jipfi?>^<»  ;^  t?»  e5«miinatiioi^:  of  ,8ai»M«te'  in  nar 
1 J  talis,  h«|a|ii8^iirof  iibea  Gpa^Mtf^v^jt«r«  %»d 
n*!)* ;P«0«c$<jtyrtaMine  »tete.  ,,  .tt  -.!■• 
5  oifP'^f:9l^!Wi>)})fi  gain  a  useful  knckwledg&of,  mi- 
-.r^opr^ogy,  AKQc^  4o^'6U>ta>  provids^  ^m^lf  with 
,'jtitpeckneiMi  ^f,»iiaple  initneraU  and  of  the  different 

common  rocks,  and  examine  their  external  charaetors 
7Hliad  phy^ai  propertias^  compariogr  f^^em  ynth  the 

tiV^f!t»BiaN¥jlftl^§«Mt^^  very  Bumerouii 

^  •  ,by  cabinet  phiiosop^era:  for  here,  as  iiUMuvf  otiM: 

b  2  instances, 


ii)stance$^,  die  received  value  is  in  an  inverse  ratio 
tp.the  utilitjf*  Coqsifl^ing  the  great  benefits  wlych 
miankind  in  civilised  qQci^ety  receive,  from  tbe  mine^ 
n^.^W^onii.it.is  truly  astoni^ng  that  so  littlje».^tr . 
tf^tioa  has  been  paid  to  uiineralogy  or  geplogy. 
until  aearly  tl^e  present  time.    Xt  is  not  i^y  inten- 
tion ;to  dwell  pn  the  advantages  to  be?  4^PYed  f^Qxx^. 
the  practicfd  applicatipn  of  these  sciences  to  theimr 
prpyemeot  oi  landed .  property,  I  beg  l^ve  to  rer. 
f<^  tq  the  notice  on  this  subject,,  page  ,4;}4.    .    . ,  ;\ . 
^  The  v«ljua  of  every  science  must  ulAimately  rpsf., 
ontit3;utiU^;  but  in  zps^king  the  estimate  we.  Qu^)|., 
n^t :^.be guided  filpne |ij  thpps^rrQi^  yi^ws, of  ip[^- , 
mediate  gain.     The  objects  of  nature  appear  ^f/^ 
tined  to  answer  two  purposes;  4be>xme,- to  supply 
the  physical  wants  of  tlie  various  inhabitants  oftlie 
globe;  and  the  other,  to  excite  our  curiosity,  and  sti« 
mulate  our  intellectual  powers  to  the  discovery  of 
those  laws  by  which  all  the  successive  changes  in 
the  material  universe   are   governed. .  ^  W/^e    it 
not  for  this  intellectual  excitement,   man  wxHiId 
be    little    advanced    above    the    beasts    of    the 
forest.     In  those  sciences  which  have  reached  the 
greatest  perfection,  the  contrivance  of  the  Divine 
Artist,  and  the  ends  and  uses  of  the  various  parts, 
arc  most  apparent.  Geology  has  not  yet  made  suf- 
ficient progress  to  carry  us  far  in  this  path  of  inqui- 
ry ;  but  we  can  already  discover  that  the  very  disor- 
der'in  which  the  surface  of  the  globe  is  apparently 
thrown,  and  the  inequalities  which  it  presents,  aie 

abso- 
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absolutdy  ttecessafy  to  its  habitable  conditiaM:-^^ie- 
distribufion  of  its  mineral  treasures,  particularly  of 
cotd  tt>  die  colder  regions  of  Ae  ^be,  is  also  well 
deserving  our  attrition ;  but  a  cold-hearted  philoso^ 
pby,  tiiMer  the  sanction  of  a  quaint  expression  of 
Lord  Bacon  *,  has  (to  usethe  wordsof  Dugald  Stew- 
art) ^  liiad^  it  fiEtshionaUe  to  omit  the  consideration 
of  flnadcatses'ehtirely,  as  inconsistent  with  the  ac- 
knowledged rules  of  sound  philosophising.  The 
effect  of  this  has  been  to  divest  the  study  of  nature 
of  its  ttioisttitftfactive  charihs,  and  to  sacrifice  id  a 
isilsef^ideSi  of  logical  rigour  all  the  moral  impressions 
and  pl^Ures  which  physical  knowledge  is  fitted  to 
vieM/*'' '-■•■^"  ''■■'-'■■ 

*  Tb^  i^tft&hcA  Which  (xmdeauiB  the  loqidry  srf^er  final  ciQ^ 
as  abarno  Ht9dy«  is  one  of  those  puerile  witticisms  so  common  . 
with  the  writers  of  JU>rd  Bacon's  .time^  and  would  have  been 
deemed  unworthy  of  notice  had  it  occurred  in  the  works  of 
anjr of btscotemporaries.  " Causarum finalium  inqoisitio  steriliy 
est,  et  tiii^uam  tb^  Deo  consecrata  nihil  parit/* 
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CHAPTER  I. 

Octets  of  the  Science  denmntnated  Creology.- — 7%e 
Shape  (if  the  Earth  and  other  Planets  ejected 
by  the  reactive  Velocities  of  their  rotatory  Mdh 
turns. — Density  of  the  I^rth. — Theoretical  Di- 
vision and  Classification  of  Rocks. — Arrange- 
ment of  the  Mineral  Districts  of  England. — 
The  present  Continents  once  ctwered  by  the 
Ocean : — -existing  Proofs  of  this  on  many  of 
tkc  highest  Mountains  in  England,  S^n^  South 
America,'  and  various  Parts  of  the  World. — 
Fossil  Remains  of  Marine  Ammalsy  Vegetables, 
and  Quadrupeds. — Strata  in  which  they  are 
imbedded,  formed  in  Succession  at  different  Pe- 
riods.— Human  Skeleton  in  a  calcareous  Rock  at 
Guadeloupe. — Inferences  respecting  the  former 
Conditioji  of  the  Globe. 

W  HEN  .we  examine  the  terrestrial  globe, 
where  the  solid  parts  are  uncovered  and  ex- 
posed to  our  view,  we  observe  vast  masses  of 

B  rock 
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rock  pr  istone  lying  in  apparent  confusion  on 
each  other;  or,  should  we  perceive  some  re- 
gularity in  their  positiaa  and  arrangement,  we 
soon  lose  sight  of  it  again  by  the  intervention 
of  other  rockd.  In  this  departmeat  of  nature 
all  seems  vast,  unshapen,  and  ch&otic ;  but 
we  may  recollect  that  the  grandest  objects  in 
the  material  universe  seldom  present  to  the 
hasty  view  of  the  superficial  observer  immer 
diate  proofs  of  order  or  design. 

The  shepherd  who  first  discovered  that  the 
planets  were  not  fixed  in  the  heavens,  and 
saw  their  apparently  intricate  wanderings 
among  the  stars,  could  not  possibly  antici- 
pate the  regularity  and  harmonious  simpli- 
city of  their  movements,  which  sqj^sequent 
observations  have  demonstrated. 

Let  us  then  endeavour  to  ascertain  by  what 
means  we  may  become  acquainted  with  the 
structure  of  the  covering  of  our  globe.  Were 
these  means  bounded  by  the  power  of  man 
to  penetrate  below  the  surface,  our  know- 
ledge must  ever  remain  very  limited  and  im^ 
])erfect ;  but  natural  operations  have  greatly 
facilitated  our  inquiries,  and  have  broken  the 
rocky  pavement  of  the  globe,  and  raised  from 
vast  depths  the  mineral  substances  of  which  it. 

is 
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is  composed.  By  an  accurate  and  attentive 
examination  Of  the  situations  vrhere  the  rockii 
and  strata  are  thus  exposed  to  our  r&searchi 
we  lay  the  foundation  of  the  science  denonii^ 
Dated  Geology.  The  first  part  of  this  science 
comprises  the  structure,  composition,  and  ar*' 
rangement  of  the  mountains,  rocks,  and  strata 
that  environ  our  planet.  The  second  partj' 
the  intersections  and  dislocations  formed  by 
metallic  veins  and  mineral  dykes*,  and  the 
direction,  structure,  and  contents  of  these 
minend  repositories.  The  third  part,  tb6 
changes  which  are  taking  place  on  the  sur« 
face  of  the  globe  by  the  agency  of  inunda* 
tions,  earthquakes,  and  volcanoes.  There  is 
a  foiirth  part,  which  may  be  styled  specula- 
tive geology,  or  an  investigation  of  the  causes 
that  have  probably  operated  in  the  formation 
of  rocks  %nd  mountains,  and  also  those  by 


*  Dyke  in  the  provincial  language  of  North  Britain  sig- 
nifies a  wall.  The  substances  which  fill  veins  and  perpen- 
dicular intersections  in  rocks  are  generally  harder  than  the 
rock  itself^  and  remain  when  the  latter  is  partly  decom- 
posed, rbing  above  the  surface  like  a  wall^  and  extending 
sometimes  many  miles.  Instances  of  these  are  frequent 
in  the  western  parts  of  Durham  and  Northumberland^  and 
in  many  parts  of  Scotland. 

B  2  which 
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iifhicb  the  re\'olution&  of  the  earth's  surfpos 
h^e  beea  subsequently  efFected^T  Nor  19  thi» 
part,  as  some  assert,  entirely  useless;!  thejOdr* 
vocates  of  particular  systems  have  engiaged  til 
3Si  active  examinatioa  of  nature  to  suppoit; 
their  opinions,  and  have  ^^  compassed  sea  and 
land  to  gain  proselytes :"  thus  numerous  factt 
havje  been  discovered,  with  which  we  ishoald 
not  have  been  acquainted  had  they  remaiiqred. 
idle  in  their  studies.  It  may 9  however,  f be 
doubted,  whether  they  have  not  spmetime^ 
bej^  insensibly  induced  to  close  thein  eye^ 
on .  other.  £Eicts  tbat  opposed  their  ifa^vpwiXii^ 
theories.  ...  1 

Tbe  c;artb4s.now  well  known  to  begone  of 
tlic^  globular  bodies  called  planets^  tbatve-^ 
volve  round  the  ^un  in  orbits  nearly  circulfiFt^ 
and  in  stated  periods  of  time  which  >  bear  •  ^ 
certain laUP  to  their xespectiv^  distancesfrom 
it.  ^They  turn  round  their  axjes  with  idi^r^t^ 
degrees  of  velocity,  and  this  motion  appears 

tp  have  b^d  considerable  wpii^uenoe  pn  their 

'  • '  •     '■  •  -    ■■  ■  ■     '■••••.  ■  , 

ex,ternal  sliapiQ  by  enlarging  their  equatorial 
*  diameters.   .  : 

,  In  the  planet  Jiipiter,  the  ^velocity  of  the 
equatpxiaj,  ip^rts  i^ ;  ffipre:  th^upt  four  bundred' 
nillespet,  minute,  whilat  jun  the  sanuDttiaierthe 

,j     ,  r  V  equatorial 
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(qnaitorial  parts  of  the  earth'  have  mdhrfed  ohly 
M^toteen  miles.'  A  difterence  between  thcf 
pi^ar  and  equatorial  diattieter  of  Jupiter  iii 
pierceptil]^  uith  a  telescope  that  has  a  dw 
itihSt^ifi^gnifymg  power  of  a  hundred  times, 
ind  it  ifr  ascertained  to  be  as  12  to  13. 
The  equatorial  diameter  of  the  earth  ex- 
Ceeds  its  polar  thirty-seven  miles,  or  is  only 

ai  230  to  229.  »  '^ 

The  relative  density  of  the  sun,  the  earthi 

and  of  the  other  planets,  is  estimated-  by  the 
attractive  force  which  they  iexert  on  each 
other  as  they  move  round  their  common  ceii« 
tre  of  gravity.  The  absolute  density  or  tlib 
quantity  of  matter  contained  in*  the  earth, 
cMnpared'v^ith  an  equal  bulk  of  any  known 
Mibstadce^.may.be  nearly  determined  by  the 
Attractive  ^rce  which  any  given  mass  of 
ittfektter  exerts  upon  a  plummet  (when  sus- 
pended in  its  vicinity)  to  draw  it  from  a 
vertical  line.  This  will  be  proportional  to 
the  absolute  quantity  of  matter  in  that  mass 
compared  with  that  of  the .  earth.  By  this 
method,  it  has  been  found  that  the  mean  den- 
sity of  the  earth  is  about  five  times  greater 
than  that  of  water,  or  nearly  twice  the  average 
ikjnsity  of  the  rocks  and  stones  on  the  surface* 

Hence 
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Hence  it  may  be  inferred  thai  the  interior 
pert  of  the  earth  is  solid ;  or,  if  it  be  cavern- 
ous^ the  solid  matter  must  possess  grejeit 
density.  It  is  not  improbable  that  iron 
nearly  in  a  metallic  state  may  be  one  of  the 
constituent  parts  of  the  central  mass,  and  to 
this  it  may  owe  its  magnetic  polarity. 
'  Dn  Halley  has  written  a  very  ingenious 
paper  (in  the  Philosophical  Transactionis)  to 
prove  that  the  earth  is  a  hollow  sphere,  in 
which  there  is  inclosed  a  central  magnetic 
globe,  and  by  thd  motions  of  this  globe  tfie 
variations  of  the  magnetic  needle  •  are  flro^ 
dueed.  It  is  evident  that  ^e  have  no  nh^tas 
of  verifying  or  invalidating  hypotheses  re- 
specting the*  nature  of  the  central '  pArls  y^f 
the  globe.  The  matter  thrown  up  froin  "vast 
and  unknown  depths  by  siftbterranean' fires  is 
similar  to  that  of  many  rocks  on  the  siirftce; 
but  we  know  not  what  changes  it  hbs  ^nder* 
goney  or  what  substances  were  separi^ted'^m 
it  by  fusion. 

The  rocks  and  mountains  compb^g  the 
solid  parts  of  the  earth's  surface  have  be^ 
divided  into  ^diflbrent  classes  by-  geologists. 

The  names  given  to  these  classes  at^  not 
fre6  fromf-the'objection-of  being  fouAded  on 

hypothetical 
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hy^otbetiq^l .  prinoiples  •  adopted  before  •  ob<- 
s9iMF^iQn9>  i  had-  b^ea  sufficieotly  extended ;  tQ . 
lAy,Mie:.bQ^ist;of n.^olid  system  of  arrange^" 

fl^Ot....Kif       ill!    .:■    .     •    :.'  I  ;  :.    Ciii 

,  Thes^  pames  haviogy  however^  been  introH 
duced  into  1^1;  modern  books  rektfting  to  jgao«« 
logy,  and  9^0  into  the  worka  of  numy  inch 
^^]f^.  ti;^yeU^ra,  it  may  be  proper  .tM  retttin 
t^m^AP  tan  introductory  treatise,  riisusg  tb^oQi 
i^  a  ir^atFicted  Riensey  without  any  reference  itir 
U)eory»  The.  clas^eS)  are  denominQted;  ptii^ 
t|[^l^rp  or  primitive  rocks ;  transiupft  or  lower 
&Ki9p^^fyfOckti;  seoondary  aitnrattified  rockt^ 
c^i^e4'by(tbef<irermans  Flostsi  rockat  voleanifc 
i:fii«k%,;^EMid(-i^vvial  grounds  In  the  ppeneat 
YA^rk]^]biasi4Uf[;.  rock^  are  ala9  arrakiged.in  a 

.  Ffi^axy  <irQcks  have  becW'^otcallad  bawcMr 
nq  oj^gfU^i^fD^iaaij^i^  have  been  found  in  tliemc 
b?ocO:it,ij$  suppe^d  they  wer^e  formed  prior 
tp^.1^6)  icr^auon  of,  animaU  .or  -megetablear 
They  are  extremely  hard,  and  the  :Siibf4ianoe9 
ot*,'whicil^  t^^yare  <:ompo9ed)  are  «ry9talli2ed. 
Tl^yi  form  the  lowest  pai^t  of  the  earth^-^  $ui^^ 
iacOiWitli  which  we. ave  acquaiDtad.}:and  thejr 
not.  only  conatituter  the  tfo^ndatum  Pi»  wfaiech 
th«  9ther^K>ck3  re^t^.lwt  an»  4majr^siAv^<>JM 

»..»:i..'''ij-".i .'  they 
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they  pierce  through  the  incumbent  rodlcs  and 
strata,  and  fbrm  also  the  highest  mouDtaiiiB 
in  alpine  districts.  We  are  not  to  conclude, 
*«rhen  we  see  a  mountain  or  range  of  moun- 
^tfiiii;  bounded  ^by  a  plain,  that  the  rock»  and 
•styMa' of  which  these  mountains  are^rmed 
-teraikiate  at  their  apparent  bases;  on'  the 
fedfltmry,  they  extend  under  tlie  surface  at 
attgltes  more  or  less  inclined,  stretching^  bt- 
low  the  lower  grounds  and  bilk,  and  often 
-lW!T>g  again  in  remote  districts.  '^ 

'    That  primarjT  rocks  environ   the  whole 
globe  will  not  admit  of  direct  p^oof ;  bolt, 
^"from  their   frequent   occurrence  in  monn- 
tam&us  <£8tricts  in  the  most  distant  parte  of 
the  world  that  have  been  examined,  we  may 
infer  that  some  of  the  rocks  of  this  class 'Con- 
stitute the  foundation  rock  of  every  country* 
We  have  no  means  of  ascertaining  that  the 
^  sitiiileir  rocks  of  distant  districts  were  fbrmed 
at  the  same  time,  nor  can  we  be  certain  that 
the  rocks  called  primary  have  not  once  con- 
tained organic  remains  that  were  destroyed 
.  during  the  process  by  which  they  acquired 
their  present  crystalline  structure.    We  may, 
:  Jbowever^  wcth  apparent  probability,  infer  that 
their  formation  was  prior  to  the  existence  of 

animals 
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bAifxials'  or,  vegetebles  on  our  planet  an  it$ 
ffmm^tstate^  because  the  rocks  ,wbic)i*  iiv^ 
Qtedmte}^^.  covQr  4hems'(contaia^liw>&t  iSKclur 
-tfii^oiOfr  the  ovgaiiic  remains  of  zoopbytes^  or 
ttfaoaeanini^  whichrar^tt  considered  as  forming 
rtfacr-fii^tlkikin  tlfie  e^ain  off  aoijxAted  beings. 
31*1 1  The  lo^restl  of  the  secondary  rocks  have  op 
ithis  account  been  call^  by  the  iGerman  gpo* 
-idpBtB  <  j^nn/idHtropka,  frotn  tli(^  supposition 
(tfaM  tfaj^  were  formed  when  (tlw^  world  was 
passing  from  «i  upinhalMtahle^  to  ^  habitable 
sMate.  niWhesr^r|H3ieks  are  kss<  perfectly  cr^tal- 
eiinfe  tlmnrt^he-.^rm^r  class.  Tljyey  si^parate  the 
*(prianrjr.from;the  upper  secondary  ^no^ksy  and 
laraBamr  sooMtof  the  character^  belonging  l^o 

-fk^ie  primary  and  lower  secondary  or  trans- 
fdoiiv  rocks  in  Europe  contain  few  saUne  or 
JaflamnKi'ble  fossils* ;  but  they  are  the  repo- 
^sitories  of  metallic  ores  which  are  not  often 
feund  in  the  upper  seoonda^ry  stratified  rocks, 
iQ  many  of  which  numerous  remains  of  vege* 

!•'•.,■>'.         .    .       •  .    . " 

*  Iq  South  America,  according  to  the  observations  of 
Humboldt,  bbth  8uif)hur  and  bitumen  exist  in  cdnsiderable 
'  qdaAtSties  iti  rocks  which  have  always  been  dtssed  with 
-.^pitinafy^  .  ■    •.<•■,..    'ir-    ••.  • 

tables 


tables  aQcl  anknab  occuri^    This  cla83  'eMU^ 

^h(^k^  ^iVr  fWafcer-wqro  fragmaats  4)f  'pit* 
macj  aj[i4^  ^braosiuon  rock^  are  commQal; 
found  in  many  of  the  secondary  jrockft;; ;  hjenoe 
it.i»  ioferxed  that  they  have  beeniormed  Ht  a 
l^tar  pf^riod,  .^nd  lieace  thU  da^s  r^caiv^y  itit 

,iyp}i:ajGiLQ  prodocts  ^ra  tbe  substanoe^^jeoti* 
ed^frVntTVoJcanctea,  ot  fonmed  by  the^  ug^ncy, 
^[subteitnirwaa. fires,.  They  cQn«ttitute  noiiflh 
^pna^araUle!  partioo  of  the  earth'^.  surfaoei, 
tljqiigh  j.tsbiEjy  ,are  scarcely  oatiqeid  by  ewpm 

V,  B^ia9iUW/|fii^         bjjr  soma  gaologist»^d»wh: 
ad  with  thp^;. of  volcanic  origin :,  liJie  tbfm^' 
they,  /oc<s*iQpaUy;  cover  rocks  ^of  t^e.  pr^gedr; 
ing  plassesn  and. fr^uently  bftve  a  r^uhfrcor 
l^mnai^^triUQtuf^i.     But  a&  the  -iignepjufiiiocig^. 
ot  thes&  rqoks  in  some  situfttiQns  jQMfiy^.bQ^ 
doubtedi,:!  have  arraJCiged  the^  sepamt^ly.^  m. 
AllaviaL  ground  consists  i  of  beds  of  c^yn 
sand,  and  gravalj  formed  from  the  deoom*-} 
posed  ruins  of  other  rocks^  and  carried  by 
"WAter  ipto  I  valleys ,  and  plains,   or  over  the 
lQii;er.4aclii{itie^  of  bills  and  mountains. 
.  ThesQ  c^a$;sjiea<  have  their  appropriate  mi* 
'•-  neral 


iMTal  |NroduDtl4ns ;  <  and'  it  wootek  be  as  vikk 
t»v^(efr  MlikiiKMr  cocA^m  the  {yninary  arid 
tnM>si«ion  ¥Mkfiii'ift&  tDii^)tpifeet>^tuatjnHii4[)te 
tfrnteia)^  ve)fiski>t^d  uppet  ^econ&airy  gtttttn 

£  )THe''8ilMbti««^of 'thevtatiocts  'nlnnerdl>'ptdu 
dtictMfi#*  df  -^nghttifd  l^ti^s  a  pndof  of  thiW 
From  the  western  side  of  the  county  of  Ddi*^ 
sdr-ti'Avi^ng  ^iVife  Mky^be  >thu^d  in  a  ridith- 
fiftSe^Jeetibil'  t6  ttejlr  ■  Scarboroogh  in  Yorfci' 
sMi«ti  fli§«  >fli«>tt»ap  A.'  A«  '^he  wholie  bF  ClM' 
^m^f  bdii»«en  this-  line  andt  tb«'Gervaaili 
mmk  \tA:6mf^i^  of  ehatk,  t!ifilct(i«ou9  ^tld^*' 
stone,  and  othar  secondary  strata,  of  aUavi^ 
g»d«llAd,>^4lt<^i^hf<iK>  bed^'&f  #bi4c«lble  e6al 
oP«ikirflfe  vdWS'dccur :  it  is  ^olttdred  «y feUoW 
iii»tll«'<ina^i  '*The'sanie  strata  -  ap|*ar  >agalA 
otf '>tlN^  '^a^tern  9i&e-  of  Dkif hatil  and  NbHl»i 
tfttlb«¥ldtid,  'b<it  are'sepGfrated  'ffOiAri'those  of 
YttrkfeW^eby'^hb"  felam  tock  tffeiir  Whitby;- 
and  thie  dei^landihiUs'iAekarked'B.  This  part 
oP  England  "I  denominate  the'low  district. 
Otti  tb*  6o^t  <yf '  EAndoIflshire  aiid  JJart^of 
Yb)*ksrhire  ttiere  is  a  sdbteVhiA^ah'foiyiist  abdiiti 
seventeen  feet  Ubder  the-  pre.s«ia€  bi^h--\v'ater 
mark.  This<fore^  appears  to  lit^e  extended 
ea&tward,  as  stumps  and 'ftk)tt'of  trees  itaay 

be 
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Uc  seen  at  low  /^siter  at  a  considera)^  ji£!l^ 
i^t^ce  ff oxA  tb^  coaist:  it  is  coloured  greemi 
West  of  the.. line. A»  A.  the  couotry  is  comf^ 
posed  of  secondary  strata  of  n  different  kind^ 
in  many  parts  of  \xhich  avavbeds  of  iron- 
stone and  coal:  it  is  coloured  blue.  This 
I  denprniaate  the  middle  district.  It  is  bound- 
od  on  the.Qorth  by  mountains  of  metailife* 
rous  limestone,  which  range  along  the  line 
Cf.C.  and  terminate  in  Derbyshire.  In  the 
we^t  this  district  cxtppds  to  the  mountains  6f 
Wales  and  Devo^ishire.  See  the  map.  The 
principal  coal  fields  are  situated  in  that  part 
of  the  Hiiddle  district  which  extends  from; 
Derbyshire  to  Northumberland  and  that  parti 
of  Wales  bor3erin2:  the  Bristol  channel.  Sa» 
chapters  fourth  and  nintii.  On  the  western 
side  of  Cumberland  the  coal  strata  border  a 
small  part  of  the  alpine  district,  and  dip 
under  the  sea.  The  strata  on  the  eastern 
side  of  the  island  generally  dip  or  decline 
to  the  south-east.  On  the  west  of  the  line 
marked  C.  C.  they  are  more  broken,  and  dip 
in  various  directions.  The  line  C.  C.  is  con- 
tinued from  Derbyshire  through  the  southern 
counties,  to  denote  that  no  valuable  metal- 
lic veins  are  found  east  of  it  in  any  part  of 

England. 
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fiigbtikk^-^'^'^^^Aiong  the  Western  side  of  the 
iflfetfid^tliepriinary^nd  transition  mpuiitaini^are 
sitfliatediy  in 'whioh -metallic  ores  occur.  They 
ciuBtittite  the  alpine  part^of  En^^Iand,  extend-* 
ingifrom  Ctoitiwajll  and  Devonihtre^  through 
WaHes,  int*  the  north-west  parts  of  YorksTiire 
adiliJbclnosishii^v  dnu  through  Westmbrd^hd' 
aodhOomberland^  and  from'th^^nce' to  the 
iHn^thern  part  of  Scotland :  ■•  they  bW  coloured 
redi  nin  the  direction  El.  Ew  *M  the  rock  ^t' 
atod^iindsC'Of  the  brine  i^rin^^aiie'  situated  r 
otfair  pqrtkuWits  in  the'gi?ol6gy^^f  E^igknd^ 
Mrilifbeistibsequently  adverted  tbJ^  The  writet^^ 
isinot  si^aro /diat  this  arrslngemeht  has  .been' 
bafare? n6tibed  i^it  is  introduced  hefe,  to  ex- 
dte:thb»attelitibn  of  persons  etrteriiig  onHhe^ 
study  of  geology,  who  may  be  m6re  ihipi^ssed 
bnr  local) iilat^t^tionis  than  by  general  descrip- 
tions. i)ni.'   .''-:'-;i     '•  -^  •'•  ^     '■ 

i  Three-fifths*  of  the  surfeit  of  the  g|Iabe  atxj 
coucired*  by  tj^  sea,   the  aVferage  depth  of" 
u^cih  has-been  estimated  at  frotti'five  to  ten 
niil0s:>:iRifcjgTeaft  changes^  havfetak^n  plate  iri^ 
the  jrelatiite^  lerel  of  the  pt^Sfettt '  continents 
and  Jllhe^cean^  which,  in  ftfrttii^r^^ges,  rolied* 
its-uavesi'dv^r*  the-  summits  df  the  highest 
mountoiinsi- >  Of  this,   dcmbriitfatiVt  i)h)ofs 

:  i  i      -     i  exist 
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exist  in  our  own  island  and  in  vn^iotis  parti 
of  the  world. 

The  calcareous  or  lifnestone  mountains  In 
Derbyshire,  and  Craven  in  Yorkdl»l*e;i*ris6 
to   the  height  of  about  two  thousand  feeC- 
above  the  present  level  of  the' sea.     Hviy^ 
contain  through  their  whole  extent  fossif  re-* 
mains  of  zoophytes,   shellfish,  and  ^marine 
animals,  but  more  abundantly  in  some  part^ 
than   in  others.     Particular  species   occupy^ 
almost  exclusively  distinct  beds,  and  in  some 
situations  the  whole  mass  appears  a  compact » 
congeries  of  these  marine  organic  remaiftd«* 
In    Derbyshire   the  beds   of  limestone   are 
separated  by  difierent  beds  of  a  stone  Called 
loadstone,  varying  in  thickness  from  fifty  iaou 
one  hundred  and  fifty  feet,  in  which  are  no 
organic  remains;     but  we  meet  with  them 
again  whenever  we  come  to   the  limestone 
either  above  or  below  the  toadstone. 

The  distinct  characters  which  the  organic 
relics  found  in  the  separate  beds  in  these 
mountains  present,  prove  that  they  have  not 
been  brought  there  by  any  sudden  inunda- 
tion. They  must  have  remained  for  ages 
under  the  ocean  prior  to  their  elevation  above 
its  surface. 

The 
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:  The  mountains  of  the  Pyrenjiees  are  co^ 
vered  in  the  highest  part  at  Mont  Perdu  with 
calcareous '(.i:9cks  containiog  impressions  of 
marine  animftls.^  ajad  even  where  the  impress- 
sions  are  not  visible  in  the  limestone^jt  yields 
a  fetoi  cadaverous  odour  when  dissolved  in 
acids^  owing,  in  all  pirobability ,  to  the  animal 
matter  it  contains^  Mont  Perdu  rises  ten 
thousand  five  hundred  feet  above  the  level  of 
the  sea ;  it  is  the  highest  situation  in  which 
any  marine  remains  have  been  found  ioi 
Europe*.  In  the  Andes  they  have  been  ob*. 
served  by  Humboldt  at  the  height  of  four-n 
teen. thousand  feet. 

*in  England,  tlie  calcareous   mountains  I 


^m^d. 


*  By  a  recent  admeasurement^  it  appears  that  the 
altitude  of  Mont  Perdu  is  considerably  less  than  is  here 
stated ;  but  the  accuracy  of  this  admeasurement  may  be 
doubted,  as  these  mount^ns  are  distinctly  visible  at  the 
distance  of  one  hundred  and  twenty  miles. — Cette  mon- 
tagne  est  non-seulement  la  plus  haute  dea  Pyrennees,  elle 
est  encore  la  plus  61evce  de  n6tre  hdmisph^,  oii  Ton 
trouve  del  debris  cnrganidiques:  elle  est  de  tous  les  monu- 
mens  connus  des  deniiers  travaux  de  la  mer  la  plus  con- 
sid^able  par  son  volume,  et  la  plus  remarquable  par  sa^ 
structure;  un  pareil  terrein  est  classique  pour  Tetude  dea 
montagnies  secondaires,  et  pour  Thistoire  des  demi^res  r£- 
^Dlutions  du  globe. — M.  Itaymond. 

.     .  have 
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have  described  contain  no  remains  of  vege- 
tables ;  but  in  the  thick  beds  of  shale  and 
sandstone  lying  upon  them  are  found  vari- 
ous vegetable  impressions,  and  above  these 
regular  beds  of  coal,  and  sometimes  strata 
contaUiing  shells  of  muscles.  In  the  earthy 
limestone  of  the  upper  strata  are  found  fossil 
.flat  fish,  with  impressions  of  the  scales  and 
bones  quite  distinct;  in  these  strata  we  also 
meet  with  fossil  remains  of  the  alligator,  and 
with  numerous  zoophytes,  different  from  those 
in  the  lower  rocks ;  and  lastly,  in  the  bedsof 
clay  covering  chalk,  the  bones  of  the  rhino- 
ceros, the  elephant,  and  the  mammoth,  are 
not  uncommonly  discovered.  The  sagacious 
naturahst  Cuvier  has  examined  these  bones 
from  different  parts  of  the  world  with  much 
attention,  and  has  observed  characteristic  va- 
riations of  structure,  which  prove  that  the 
greater  part  belong  to  animals  not  now  exist- 
ing on  ou^"  globe :  nor  have  many  of  the  va- 
rious zoophytes  and  shell  fish,  found  in  cal- 
careous rocks,  been  discovered  in  our  present 
seas. 

The  fossil  remains  of  animals  not  now  in 
existence,  entombed  and  preserved  in  solid 
rocks,  present  us  with  durable  monuments  of 

the 
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the  great  changes  which  our  planet  has  un- 
dergone in  tortn^r  ages.  We  are  carried 
back  to  a  oeriod  when  the  waters  of  the  ocean 
have  cpvcnd  the  summits  of  our  highest 
i^oti^ntainsy  and  are  irresistibly  compelled  to 
i^mit  one  of  two  conclusions^  either  that  the 
Jea.has  retired  and  sunk  far  below  its  former 
level,  or  some  power  operating  from  beneath 
bas  liflied  up  the  islands  and  continents,  with 
ftfieir  bflls  and  mountains,  from  the  watery 
abyss  to  their  present  elevation  above  its 
sttimce. 

These  organic  remains  present  also  un- 
deniable  proofs  of  another  fact  equally  in- 
teresting.  Every  regular  stratum  in  which 
tney  are  disseminated,  was  once  the  upper- 
most rock,  however  deep  it  may  be  below 
the  present  surface,  or  with  whatever  rocks  it 
may  now  be  covered.  This  inference  is  not 
die  less  conclusive,  whether  we  suppose  that 
the  animals  lived  and  died  where  their  re- 
mains occur,  or  whether  they  were  aggre- 
gated and  carried  by  marine  currents  into 
their  present  situation.  Hence  we  learn  that 
the  secondary  strata  were  formed  in  succes- 
sion over  each  other,  and  thus  these  fossil 
remains  preserve  the  records  of  the  ancient 

c  condition 
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condition  of  our  planet,  and  the  natural  hi- 
story of  its  earliest  inhabitants*.  The  un- 
known causes  by  which  zoophytes,  fish,  ve- 
getables,  and  quadrupeds  were  buried  in  se- 
parate strata,  operated  at  distant  intervals 
of  time ;  for  these  different  organic  remains, 
are  not  found  intermixed  together,  except  in 
alluvial  soil  near  the  surface,  or  in  stony 
masses  formed  from  the  fragments  or  de- 
bris of  various  rocks  which  have  been  broken 
down,  and  subsequently  consolidated,  as  in 
the  fissures  of  the  calcareous  rock  at  Gib- 
raltar* If  the  bones  of  man,  or  of  qua- 
drupeds resembling  existing  species,  have 
casually  been  found  with  Jbssil  remains  pe- 
cuHar  to  the  lower  or  more  ancient  strata,  I 
believe  a  careful  examination  of  all  the  cir- 
cumstances woukl  generally  explain  the  ap* 

*  Aiv  opinion  has  lately  been  advanced  by  Professor 
Jamieson,  in  the  Memoirs  of  the  Wemerian  Society, 
voL  ii.  that  many  of  the  secondary  strata  are  of  cotempo- 
raneous  formation ;  but  the  existence  of  organic  remaiiu 
is  a  demonstrative  proof  that  the  strata  in  which  they  occur 
were  formed  in  succession  over  each  other ;  for  it  will  not 
surely  be  maintained  tliat  the  marine  animals  in  a  lower 
stratum  were  coexistent  with  those  found  in  the  rocks  which 
cover  them^  which  arc  generally  of  a  different  species  or 
genus. 

parent 
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parent  anomaly.  I  shall  state  some  remark- 
able facts  of  this  kind. 
In  sinking  for  lead  in  a  mountain  near 
.  WirksWdrth,  in  Derbyshire,  in  1663,  a  ca- 
vern tras  unexpectedly  discovered,  in  which 
was'found  the  entire  skeleton  of  an  elephant; 
its  skull  was  so  large,  that  it  is  stated  to  have 
held  four  bushels  of  corn.  One  of  the  teeth 
Ihave  seen  in  the  possession  of  Mr.  Watson, 
of  fiakewelh  There  can  be  little  doubt  that 
this-  cavern  had  once  been  open,  and  was  af- 
terwards closed  by  the  deposition  of  calca- 
reous earth  forming  stalactites,  instances  of 
which  are  common  in  Derbyshire.  Into  this 
cave  I  conceive  the  animal  had  retired  to  die, 
at  a  period  long  after  the  existence  of  the 
marine  animals  which  are  imbedded  in  the 
surrounding  rock. 

The  other  instance,  apparently  more  sur- 
prising, lately  came  to  my  knowledge  when 
engaged  in  a  mineralogical  examination  for 
the  Elarl  of  Moira,  in  the  vicinity  of  Ashby 
de  la  Zouch,  in  Leicestershire :  it  will  evince 
how  cautious  we  ought  to  be  in  drawing  ge- 
neral conclusions  in  geology  from  single  facts. 
A  thick  bed  of  coal  belooging  to  his  lordship, 
at  a  place  called  Ashby  Wolds,  is  worked  at 

c  2  the 
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lUe  depth  of  two  huDclred  and  twentyi-fivc} 
yards;  it  is  covered  with  varioua  strata  pC 
iroQstoae,  coal,  and  solid  rock..   On  aii(e3tat^ 
adjoining  to  his  brdship's  manor,,  in  tlie  saiuq 
bed .  of  coalt  ^which  is  ninety-seven  y ^rds  bo^ 
low  the  surface,)  the  entire  fikeleton  of  a  man 
was.  fouiul  imbedded.  No  appearance  existed; 
of  any  ibrmer  sinking  for  coal;  but  the  pror. 
prietor  ordered  passages  to  be  cut  in  difienent. 
directions,  until  the  indication  of  a  fbroier.pit 
was  discovered,  though  the  coal  bad  not  beeo. 
worked.     Into  this  pit  the  body  must  ha^Yni 
fi^Uen,  and.bepn  pressed  and  consolidated  iwt 
the  loose  coal  by  an  incumbent  coluoinf^oC 
vater,  previou^y  to  the  falling  in  of  the.^idea, 
of  .the  pit.  .  i;    I  *^ 

The  imperfect  skeleton  x>f  a  voman^  imp. 
bi;dded  in  a  kind  of  calcareous  sai^Jstoniet  joe^.. 
cently  brought  from  Guad^Uoupey  ctnd.  ex- 
hibited in  the  British  Mu«3um^  maj'  appear 
to  invalidate  what  was  asserted  in  the  first 
editioa  of  this  work»  that  no  instances  ha>*e 
been  known  of  hnnuin  bonea  being  found-  in 
tY*gular  stratified  rocks,  nor  even  in  ttndiss*. 
turbed  alluvial  ground,  where  the  remains  of 
extinct  species  pf  quadrupeda  are  not  unr 
frequently  met  with.     Due  attention  to  all 

th^; 


Mmftt  uiiAtNs  ot  AmwAVJ.'  iV 

the  HrcumstatKJes  ttJli  reconcile  that  aflWfetticWII 
with  the  present  feet;  The  skeletbn  from 
Guttdaloape  is  deAcrihed  aui  having  been  found 
on  die  shore  beloh;/  the  high-water  marki* 
amon^ddc&reotts  rock*  formed  of  mefdrepores, 
andtidt'ferfi-om  the  volcano  cdkjd  the  Souf- 
fHere.  The  bones  are  not  petrifieci,  but  pre- 
serve the  usual  constituents  of  fresh  bone,  and 
were  rather  soft  when  first  exposed  to  the  air. 
Specimens  of  the  stone  which  I  have  in  my 
possession,  that  were  chipped  from  the  same 
block,  present,  when  elamintd  with  a  lens, 
the  appearance  of  smbcJth  grains  aggregated 
and  united  withotit  atty  visible  cement.  Now 
it  is  well  known  that  on  the  shores  of  Sicilir/ 
and  other  parts  of  the  world,  heaps  of  loo^ 
sahd  become  consolidated  in  a  few  years*.  It 
dannot  therefore  excite  surprise,  that  in  a  voU 
canic  island  like  Guadaloupe,  subject  to  vio- 
lent convulsions  from  earthquakes   and  im- 


•  ♦  According  to  Saussiire,  the  loose  sands  in  the  Gulf 
of  Messina  became  so  fimily  consolidated  in  three  or  four 
years^  as  to  serve  for  millstones.  This  he  attributes  to  a 
calcareous  infiltration;  but  it  maybe  doubted  whether  this 
infiltrated  liquor  does  not  contain  silex,  as  silex  is  known 
to  exist  in  the  warm  springs  of  volcanic  districts. 

petuous 
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petuous  hurricanes^  human  bodies  should  0C4 
casionally  be  discovered*  lh»t  have  been  ^o* 
vqloped  in  drivipg  $aiid«9  which  have  aubse-r 
quently  become  indurated*  Tlie  situation  of 
this  skeleton  near  the  sea  shore,  the  state  of 
the  bones,  and  the  nature  of  the  stone  in 
which  they  are  imbedded,  take  away  the  pro-r 
bability  of  their  high  antiquity. 

The  absence  of  human  reliquiae  in  stratified 
rocks,  orin  undisturbed  alluvial  ground,  would 
appear  to  indicate  that  man  is  the  most  re- 
cent tenant  of  the  globe,  and  is  coincident 
with  the  oldest  records  or  traditions  of  the 
human  race.  Those  who  are  desirous  of  pur- 
suing sucli  inquiries  may  consult  Parkin- 
son's Organic  Remains,  and  the  elaborate  re-? 
searches  of  Cuvier.  Sufficient  has  been  ad- 
vanced to  prove  that  great  revolutions  have 
changed  the  antient  condition  of  the  globe ; 
and  the  changes  now  taking  place  in  distant 
parts  of  the  world,  by  the  agency  of  sub? 
terranean  fires,  are  too  important  and  ex- 
tensive to  admit  us  to  beheve  that  our  planet 
is  an  inert  mass,  agitated  at  intervals  by  the 
blind  fury  of  tumultuous  elements.  The  same 
wi.sdom  which  regulates  the  external  universe 

has 
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has  also  **  laid  the  foundations  of  the  inner- 
most parts  of  the  earth/'  and  appointed  de- 
tenoinate  laws,  by  which  its  surface  is  re- 
novated, and  adapted  to  the  support  of  vp^- 
getable  and  animal  life. 
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ON  THE   STRUCTURE   AND    COiwfPOSITION' 

or    ROCKS. 


1 1  >> 


Terms  efnplayed  in  Geology. — JtockSf  Single  or 
Conjpound:  Varieties  of  their  internal  Structure. 
— External  Structu7;e  of  Mountainr  Masses  r 
— Xndeterminatej  Sti^atifiedy  Columnar^  Tabular ^ 
and  Globular: — the  three  latter  the  Effects  of 
Crystallisation  en  Masse. — Tabular  Structure 
eiTOJieousIy  confounded  "with  the  Stratified:— 
Elementary  Substances. — Minerals  of  ithkh 
Simple  and  Compound  Rocks  are  principally 
formed.  * 

4N0  inanimate  objects  on  the  terrestrial 
globe  excite  in  the  mind  such  sublime  emo- 
tionsy  a$  the  immediate  presence  of  lofty  and 
precipitous  mountains  that  rear  their  heads 
in  awful  silence  amidst  the  clouds^  and  secure 
in  their  immensity  remain  unchanged,  while 
successive  generations  and  empires  pass  away 
from  the  eartlif 

^  Stireiy  there  is  a  hidden  power  that  reigns 
'Mi4  ^P  lone  majesty  of  untamed  nature 
Controlling  sober  reason-^ " 

To  the  geologist  such  scenes  are  pecufiarly 

interesting ; 
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interefiting ;  for  it  is  here  he  miist  receive  hts 
most  instructit^  Hssohs^  noA  leurn  the  wh 
tient  and  present  condition  of  the  globe. 

It  may  be  advanced  as  an  additional  re^ 
commendation  to  the  study  of  geology,  that 
ft  leads  its  votaries  to  eitplore  al|)iiie  districts^ 
iirhere  the  suri'dunding  scenery  and  the  saiu^ 
b^ty  .of  the  air  conspire  16  invigorate  the 
healtby.aiid  give  to  tl^  mind  a  certain  degree 
i)f  elasticity  and  freshness,  which  will  enable 
them  on  i  their  jretiim,  to,  discharge  with 
gp^ter.  alacrity  r  the.  duties  >.  of,  actiye/;and 
•AbciiuJiie.-.'^.    •;  ■ -.   v>.  ■.  ■■'.;■;'>  ..■'  -r 

However  deHghtful  or  inviting  anjr  new 
science  may  be,  the  knowledge  of  it  must  bo 
jrrefecdefd  bj^'thfe  irksome  laWotir  if  leaririBg 
its  terms,— for  every  .science  has  a  langua^ 
fjeculirfr  to  itsdfi  It  were  macfe  to^be^'dd- 
Mlred  that  this  technicallangaage  iihouAd  tKIt 
dferiatfe  mote  ^ari  is  absdtetely  nece^ary 
frnm  that'df  common  life ;  and  soch  will  lie 
the  cimf  fwheitever  plani'  ^nse^  shall  bemhie ' 
Taiued  than  pedantic  afFectatiom      — -  -•  •»- 

The  iirst  perMms-^ha  direoted  ithe  atten- 
tion of  itten  of  iieienoe  te  the  J  Mmeml  king- 
dom were  Germaiis,  artd'ttteinfartrte  rtiey  in- 
troduced from  the  workings.  nnRer$  of^th^ir 

/  )   ■*.'.  own 
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own  country,  though  unmeaning  and  barba«^ 
rous,  have  been  received  without  examina* 
tion :  it  is,  however,  so  desirable  ihat  each 
substance  or  mode  should  have  only  one 
nameg  that  it  is  generally  better  to  retain 
terms  in  common  use,  than  to  substitute  a 
different  nomenclature ;  but  the  progress  of 
science  sometimes  renders  indispensable  the 
introduction  of  new  words,  and  the  rejection 
of  old  ones — "  Dies  diem  docet."  1  offer 
these  remarks  as  an  apology  to  the  general 
reader,  for  any  quaintness  which  he  may  per-^ 
ceive  in  the  terms  employed  in  describing 
the  characters  of  rocks  and  minerals ;  it  is 
my  intention  to  render  the  technical  Ian* 
guage  as  simple  as  is  consistent  with  requi-f 
site  precision. 

The  external  character  and  physical  quali-p* 
ties  of  the  minerals  which  compose  rocks 
claim  the  first  attention  of  the  geologist.  A 
mineral  or  an  entire  rock  is  denominated 
*  s  III  PL  G,  which  presents  to  the  sight  one 
unmixed  homogeneous  substance,  whatever 
be  the  constituent  elementary  parts  of  which 
it  may  be  composed.  Such  are  limestone, 
roofslate,  and  serpentine.  Compound  rocks 
are  composed  of  different  mineral  substances, 

which 
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which  are  either  cemented  by  another  mineral 
substance  that  serves  to  unite  them,  as  in 
sandsitooe  and  pudding.stonesy  or  crystallized 
and  united  without  a  cement,  as  in  granite. 

Fragments,  of  stone  broken  from  simple 
rocks  display  the  structure  of  tiie  internal 
pwpts*.  This  internal  structure  may  be  de* 
nominated  the  stony  structure,  and  is  either 
Ompactj  without  any  distinguishable  parts 
^^  ,or  d  i vi  sioos-r-or 
Earthy^  comprised  of  minute  parts  rescm-* 

.  .bling  dried  earths 
Granular 9  composed  of  grains* 
Fi6riMiA,  composed  of  long  and  minute  fibres. 
Jiadiatedf  when  the  fibres  are  broader  and 

flattish,  and  so  large  as  to  be  distinctly 

visible. 
Lamellar  or  Foliated^  composed  of  minute 

plates  laid  over  each  other  in  difierent 

directions. 
TarouSj  penetrated  by  pores. 
Cellular  or  Vesicular^  when  the  pores  swell 

into  rounded  cavities  like  bladders,  as  in 

some  lavas. 

<■  ■  ■«  11  m  ,1  ^■■■M  ■■IIPIBI 

*  The  face  of  the  broken  part  is  called  tlie  fracture,  the 
eonchoidal  fracture  consists  of  concavities  and  convexities 
like  the  impression  of  shells. 

Slaty 
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Slaty  or  Laminar^  composed  of  strai^lft  pa« 

rallel  thin  plates,  or  laminse.     ■  * 

The  structure  of  compound  rocks  may  fldm 
beS/r//y,-— or  *   '^ 

Granitic  J  composed  of  grains  or    crystals 

closely  united  \rithout  a  cement. 
JPorphyriticy  consisting  of  a  compact  grotmd 
in  which  distinct  crystals  are  imbedded, 
or  of  a  granitic  ground  in  which  some  of 
the  crystals  ^re  much  larger  than  the 
rest 
AtnygdaloldaU  (from  the  Latin  amygdala  an 
almond,  on  account  of  the  kernel-shaped 
cavities,)  when  composed  of  a  compact 
ground   with  cavities  which  have  becrj 
filled  up  with  another  mineral  substance.' 
Conglomerated  J   composed  of  fragments  or 
rounded  stones  cemented  together,  as  in 
breccias  and  puddingstone. 
The  external  structure  of  rocks  en  massey 
or  considered  as  mountain  masses,  is  as  di- 
stinct  from    their   internal  structure  as  the 
shape  of  a  building  from  that  of  the  bricks  op 
Stones  of  which  it  is  composed,  though  this 
distinction   has   been  generally   overlooked. 
The  external  structure  of  rocks,  as  forming 
njountain  masses,  may  be 

Slrutijiedy 
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$trQtified^.  or  atrdtiform. 

Tahular^  or  in  large  plates. 

jQ^lufiinar^  or  polygonal- 

Globular^  or  in  spherical  masses. 
J^eiirmip^^tey  which  includes  all  unstra* 
tiSed  rocks  Wipx  have  no  determinate  shape* 
pj^(l(l]^ified  mountains  or  rocks  are  those, 
vhij^^i, {{1119.. composed  of  layers  of  stonet  laid 
OYet,,!^ch  other,  and  divided  by  parallel 
s^$gi9ui,.like  thf^  leaver  of  a  closed  book.  la 
these  seams  or  partings,  which  divide  the 
^tx^ta*  |b^re  are  .fr<equently  thin  laminae  of 
8(|it,.^thy..R]i}»ttftr;  but  sometimes  the  sur- 
^1^  of^the  upper  and  lower  stratum  are  so 
clo^Jj^  joined,  Uiat  it  requires  a  consider* 
abl^,force.,to  i^pariate  them.  These  layers  are 
dspoifpi/it^ted  strata ;  they  extend  through  the 
whole  m9unta.iji:  or  mass,  their  length  and 
breadth  being  jx\\iq\\  greater  than  their  thick- 
nes^^  If  the  thickness  of  any  stratum  ex- 
ceed two  or  thre^  yards,  it  is  more  usuaUj 
deopminat^d  a  bed;  and  if  it  he  between  beds 

of.  stone  of  a  ,difierent  kind,  it  is  said  to  be 

»    ■       ■  ■ 

imbedded.  Strata  always  decline  or  dip 
dojrn  to  some  point  of  the  horizon,  and  Of 
course  tise  towards  the  opposite  point.  A 
line  drawn  through  these  points  is  called  the 

line 
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line  of  their  dip;  another  lifie  drawn  at  right 
angles  to  this,  marks  the  eoarse  along  which 
the  strata  stretch  out  to  the  greatest  extent ; 
— it  is  called  the  line  of  bearing.  If  a  bcM>k 
be  raised  in  an  inchned  position,  with  tiie 
back  resting  lengthways  upon  the  table,  the 
leaves  may  be  supposed  to  represent  different 
strata;  then  the  direction  of  the  leaves  firam 
the  upper  edges  to  the  table  will  be  the  line 
of  dip,  and  their  direction  lengthways  the  ilifle 
of  bearing;  and  the  angle  they  make  with 
the  table  will  be  the  angle  of  inclination. 
Strata  are,  however,  sometimes  waved  or 
bent  in  both  their  directions,  and  are  fre- 
quently broken;  which  makes  it  more  diffi- 
cult to.  ascertain  their  true  position. 

It  is  generally  supposed  that  stratified 
rocks  were  formed  by  the  motion  of  water, 
which  arranged  them  in  succession  over  each 
other  in  the  same  manner  as  the  muddy  waves 
of  the  ocean  deposit  their  contents  in  regular- 
layers  upon  the  shore.  This  mode  of  for- 
mation is  called  mechanical  deposition.  It 
has  also  been  erroneously  though  generally 
believed,  that  all  rocks  divided  by  parallel 
seams  into  separate  layers,  were  formed  me- 
chanically by  the  same  means.     Thu^  slate 

ha;i 
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has  beeD  represented  as  ^^  most  distinctly 
stratified/^  because  it  divides  into  layers  or 
plates;  :but  this  division  is  the  efTect  of  its 
cbemipal  composition,  and  generally  owing 
to  the  magnesian  earth,  or  to  the  mica,  which 
it  contains.  It  is  the  result  of  crystaUization, 
or  thie  internal  arrangement  of  the  particles^ 
as  evidently  as  the  lamime  in  a  crystal  of  fel- 
spar, or  in  a  plate  of  mica ;  and  with  equal 
propriety  might  we  say  that  a  plate  of  a  cry- 
stal was  stratified  as  a  plate  of  slate.  The  di^ 
vision  of  the  laminae  of  slate  is  frequently  in 
a  different  direction  from  that  of  the  thick 
plates  which  have  been  called  strata,  a  deci« 
sive  proof  that  the  slaty  structure  is  not  ow- 
ing to  stratification.  The  structure  which  is 
caused  by  chemical  agency,  or  by  crystalli- 
zation, ought  not  to  be  confounded  with  me- 
chanical depositions.  I  l)elieve  a  proper  at- 
tention to  this  difierence  wovld  remdve  many 
difficulties  from  -geology. 

The  tabular  structure  consists  of  tables  or 
plates  of  rock,  separated  by  seams  which 
have  generally  a  vertical  direction.  This  has 
been  confounded  with  stratification,  and  has 
given  rise  to  much  confusion  and  contradic- 
tion in  the  descriptions  of  rock^  and  moun- 
tains ; 
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tniiis ;  some  gwlogtsts  asMrting,  and  otben 
denying,  the  Mtatificatioi)  of  tlie  same  rock. 
The  laws  of  crystallizatioa.  bave  but  recently 
attracted  the  attention  of  philosophers^  and 
their  researched  bave  been  hitfierto  confined 
to  effects  on  a  small  scale.  The:  crystalliiar 
tion  of  mountain  masses,  however,  is  equally 
deserving  notice,  as  to  thisr  is  owing  the  C9« 
kimnar,  the  tabular,  and  the  globular  struc- 
ture of  rocks :  but,  like  the  crystallization  of 
smaller  substances,  this  structure  is  more  or 
less  regular^  and  they  pass  by  every  grada- 
tion from  the  most  perfect  symmetrical  ar* 
mngement  to  an  indeterminate  shapeless 
mass. 

The  columnar  structure  is  peculiar  to  cer«» 
tain  rocks,  which  arc  divided  into  polyhedral 
prisms,  or  large  crystals,  that  are  frequently 
laid  regularly  on  each  other,  and  form  vast 
ranges  of  natural  columns,  as  at  Stafia,  the 
Giant's  Causeway,  in  Iceland,  and  Ih  many 
volcanic  countries. 

The  globular  structure  consists  of  balls  of 
different  sizes,  sometimes  detached,  at  other 
times  imbedded  in  rocks  of  the  same  kind. 
These  balls  are  frequently  composed  of  con- 
centric  spherical  layers. 

However 
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iIo\«^i8ver  numerous  the  varieties  of  stones 
or  rocks  mfty  lie,  the  elementary  substances 
ef  trhieh  they  are  composed  are  very  few. 
^Pttey  consist  principally  of  the  four  earths^ 
sifeity  clay,  lime,  magnesia,  and  of  the  oxyd 
of  iron.  The  other  solid  substances  most 
iEibnndant  in  the  mineral  kingdom  are  carbon 
1uid  sulphur.  From  the  five  first-mentioned 
substances,  more  than  nineteen  parts  in 
tn^i^y  of  the  external  parts  of  our  planet  are 
composed. 

Of  these,  silex^  or  the  earth  of  Aints,  is  the 
most  abundant,  particularly  in  the  primary 
mountains.  It  derives  its  name  from  the 
Latin  word  for  flint,  which  is  almost  entirely 
composed  of  this  earth :  it  also  exists  nearly 
pure  in  rock  crystal,  and  the  mineral  called 
quartz.  Stones  or  rocks  of  which  silex  forms 
the  predominant  part  are  extremely  hard, 
and  strike  fire  with  steel :  such  rocks  are  de* 
nominated  siUceous. 

Clay  J  or  Alumine^ — Latin,  argillay'-^Fr. 
argillej — is  a  substance  which  in  a  mixed 
state  is  well  known ;  but  pure  unmixed  clay 
is  one  of  the  rarest  sttbstances  in  the  mineral 
kingdom.  This  earth  is  soft,  smooth,  and 
unctuous  to  the  touch ;   it  strongly  absorbs 

D  water. 
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watcf.  Where  it  exists  in  stones  in  the  pro- 
portion of  thirty  per  cent*  it  communicates 
in  some  degree  these  properties  :  such  i;ocks 
ara  called  argillaceous ;  they  generally  con- 
tain a  notable  portion  of  iron,  which  appears 
to  have  a  greater  affinity  for  this  earth  than 
for  any  other  *• 

Limej — Lat.  cala'% — Fr.  ckauxy — is  a  well- 
known  earth  combined  with  carbonic  acid, 
in  which  state  it  forms  limestone,  marble, 
and  chalk :  these  only  differ  from  each  other 
by  different  degrees  of  hardness,  or  of  cry- 
stallization. Mountains  composed  of  lime 
are  denQpiinated  calcareous.     When  lime  is 


-^ 


*  Though'  day  communicates  a  soft  quality  to^'most 
stones  of  which  it  forms  a  principal  constituent'  part^  a 
v6ry  remarkable  exception  to  this  is  ofiered  in  adamantine 
spar  aud  the  sapphire,  which  nearly  equal  the  diamcmd  in 
hardness.  Klaproth,  one  of  the  most  laborious  and  emi- 
nent chemists  of  the  present  age,  has  analysed  these  stones : 
the  former  contains  90  parts  in  the  100  of  pure  clay;  the 
latter  85  parts  in  the  same  quantity.  ^^  Wliat  a  high  de- 
gree of  cohesive  power  (he  observes)  must  nature  command^ 
to  b^  able  to  transform  such  a  common  substance  as  clay 
(aluminous  earth)  into  a  body  so  eminently  distinguished 
and  ennobled  as  the  sapphire*  by  its  hardness,  brilliancy, 
and  its  resistance  to  the  action  of  iire^  of  acids,  or  the 
effects  (tf  all-destroying  time  V'^-Klaproth's  Essays. 

united 


united 'with  tolphuric  acid,  it  forms  the  stone 
cftUed  gy{>kuin>  Which  is  softer  than  limestone, 
and  d6e8  not,  like  it,  effervesce  with  acids. 
Calcareous  earth  mixed  with  common  claj 
forms  marle« 

Mtighesia  has  rarely  be6n  found  piiie  in 
a  native  state.  It  enters  into  the  compbsi^ 
tibh  of  Some  rttcks,  to  which  it  generally  com« 
ifhithkates  a  soapy  feel,  a  striated  or  striped 
tfei^iire,  and  sometimes  a  greenish  colour. 
'  Tron  appears  to  be  more  abundant  tlian 
tiiagh6sian  earth ;  it  forms  a  constituent  part 
c(f  numerous  rocks  and  stones;  to  it  they 
most  frequently  owe  their  colour ;  the  earths 
when  pure  are  white.  Iron  when  in  combina- 
tion with  the  earths  is  like  them  an  oxyd,  oi* 
a  metal  united  with  oxygen.  To  the  pre-^ 
sence  of  iron,  the  increase  of  specific  gravity 
in  all  stones  or  earthy  minerals  may  be  at- 
tributed, if  it  much  exceed  2,  5,  or  approach 
3  :  in  other  words,  if  they  are  nearly  three 
times  heavier  than  an  equal  bulk  of  wat^r. 
Crems  and  the  earths  barytes  and  strontian 
are  exceptions,  but  these  never  form  entire 
rocks.  The  presence  of  iron  not  only  in- 
creases the  weight,  and  darkens  the  colour 
of  numerous  rocks  and  stones,  but  is  one  prin- 

D  2  cipal 


cipal  means  of  their  decomposition.  For  iron 
eKlsts  in  stones  in  two  ^<^tates^  of  oxygenation! 
as  the  black  or  the  red  otyd.  When  the  for- 
mer is  exposed  to  air  and  moisture,  it  absorbs 
a  g^'eater  portion  of  oxygen,  and  is  convert- 
ed into  a  brown  ochery  incrustation^  ^hich 
peel^  eflP,  and  exposes  a  fresh  surface  of  the 
stone  to  a  similar  process.  A  minute  portion 
of  olsyd  of  the  metal  called  manganese  utAuA 
foiuid  in  some  rocks  and  stones.  -   •  > » 

The  abovementioned  substancefr^,  either 
separately  or  combined,  form  all  the  dmj^ 
miflerals/ Constituting  compound  rocktf;  aitd 
as  these  ai^e  of  frequent  occurrence* in. ge^^ 
^^gy^  ^  brief  description  of  the  most.  iipK 
portant  may  be  of  use  to  those  who  ore 
enteriog  on  the  study.  These  are  qu^rts^ 
felspar,  mica,  talc,  chlorite,  hornblendet  'Ser** 
pontine^      •  i  ^ 

^  Quarifs  occnrs  in  mase^s,  in  grains^  m 
roUed  pieces  or  pebbles,  and  in  crystals.    It 

•*'-**.-*      ■  ^  ■•    '■  '       i-i   -   •-  ---^'^^ii_j, 

'  *  Thase  substances  may  probtibly  be  reduced  to  vt3t 
siinpter«IeiDC9|tfl^  «9.it  is  qqw  ascectaiQed  that  the  earths, 
are  metaj3  united.  >yifh  oxjrgen;  and  it  b  also  probable  that 
the  metafs  have  all  one  common  base.  Wc  shall,  however^ 
Still  cbnsicter' those'  substances  as  simple/  which  are  not 
kixgwn  to  eKMc-fn  natur6  in  a  decompounded  state. 

is 


ii'One  of  the  h^de^rt  minerals  of  which  moufH 
tain  masses  are  coiaposed ;  it  gives  pleutifui 
sparks  with/iftteel;  it.  breaks  with  a  smart, 
strokeiof  the*  hammer;  the- surface  of  the^ 
fractufe  in  Crystallized  quartz  is  eonchoidal, 
io   uncrystallized,  splintery; — the  justre  is 
?itreous.  Crystals  of  quartz,  or  rock  crystals,;, 
as  they  are  commonly  denominated,  have 
difierent  degrees  of  transparency ;  the  blue 
varieties  are  amethyste. .   The  most  common 
forms  of  the  crystals  are  aix-^sided  prisms  ter« 
minated  by  six-sided  pyramids,  or  two  six« 
sided  pyramids  united,  forming  a  dodecahe- 
dron whose  &ces  are  isosceles  triangles.  Un-*i 
crystalluzed   quartz    is    seldom   transparent^.^ 
most  iidequently  translucent^  but  sometimes^ 
opaque.     Its  colours  are   various  shades  of 
white,  gray 9  brown,  yellow,  red,  and  green. 
It  yields  a  phosphorescent  light  and  peculiar . 
odour  when  rubbed.     Quartz  is  composed  of 
siliceous's  earth  combined  with  a  very  small 
portion  of  alumine.     It  is  infusiblp  when  un- 
mixed ;  but  with  alkalies  it  melts  easily,  and 
forms  the  well  known  substance  called  glass. 
It  is  not  acted  upon  by  any  acid  except  the 
fluoric.     Quartz  exists  in  veins  intersecting 
mountains,   and  it   sometimes  forms   large 

beds. 


38       SVBSTANCfiS  OF  WHICH  RpCKS  ARE  COMPOSBO. 

■   -  • 

beck,  and  even  entire  mountains,  which  ai'e 
composed  of  thi^  mineral  in  grains  united 
without  a  cement,  called  granular  quartz* 
Fragments  or  crystals  of  quartz  arc  common 
in  compound  rocks.  Grains  of  quartz  form 
a  principal  constituent  part  of  most  sand- 
stones. The  milk  white  pebbles  in  gravel  are 
composed  of  quartz.  Flint,  chert  or  horn- 
stouie,  opal,  chalcedony,  and  agate,  are  dit^ 
fejenjt  modifications  of  siliceous  earth,  which 
in  their  chemical  composition  difler  little  from 
quartz.  Combined  with  a  large  portion  of 
alumine  and  iron,  quartz  loses  its  translucency 
and  passes  into  jasper,  which  forms  beds  in 
primitive  mountains,  and  is  said  to  compose 
the  substanoe  of  entire  ranges  of  mountains 
ia  Asia. 

Felspar  or  feldspar  (a  name  received 
from  the  Germans)  is  a  constituent  part  of 
numerous  rocks.  It  is  hard  in  a  somewhat 
less  degree  than  quartz,  and  is  more  easily 
broken.  It  is  laminar,  or  composed  of  thin 
laminae  or  plates,  by  which  it  may  be  gene* 
rally  distinguished  from  quartz.  The  cry- 
stals are  most  commonly  four-sided  or  six- 
sided  prisnis,  whose  length  is  greater  than 
the  breadth.     It  has  a  shining  lustre.     The 

colours 


coioQris  are  white,  gray,  milk  white,  y^UoVr- 
isfa,  6t  reddish  white,  sotnetinies  inclining  tb 
gfe^h.  Thfe  Tfed  passes  through  various  sh^^s; 
frtitti  a  pale  to  a  deep  red.  Crystallized  fel-  ' 
spar  is  translucent*;  It  may  be  melted  with- 
out the  admixture  of  alkalies,  and  fbrMs  a 
glass  m6re  or  less  transparent,  which  qufiliiy 
it  derives  from  the  lime  or  alkali  that  compOsfe 
part  of  its  constituent  ingredients;  but  dit^ 
feimit  Specimens  of  this  mineral  vary,  accord- ' 
in^  to  the  analyses  of  the  same  chemist. 

'    Silex  63  —  74 

''■'*■  Alumine  17  — *  14 

::      :  Potash  18  •*- 

Lime  3  —    Q     . 

Oxyd  of  iron    1  — 

'  ■  ■        ■  * 

Loss  3  —    6 

Others  give  the  proportion  of  silex  46,  alii- 
mlne  24',  lime  6. 

The  existence  of  potash  or  the  vegetable 
alkali  in  felspar,  is  a  fact  deserving  particular^ 
attention :    it  may  be  owing  to  this  circum- 
stance that  felspar  is  so  frequently  observed 
in  a  soft  or  decomposing  state,  although  i(j^ 


J      • 


*  In  the  language  of  mineralogists,  iransl^cent  imph/^^ 
merely  the  transmission  of  light,  as  ;n  groand  glass^ 
thn>tigfa  whlcli'otg^cts  ctitAtt  U  sei^.  .- . -    . 

'  hardness 
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harfifiess  is  littb^infej^ior  to  that  of  quartar. 
"^h^  UiG^decayed.  ThosQ  fdaparaiwhich  are 
d|]|j;able  are  probably  free  ftx>in  potash.  Fr^t^ 
spi9^;  fs  ^pmetimes  uncrystallized  and  com^. 
paaU  V^  \vhieh  atote  it  is  classed  by  thejErencb 
min^faWgists  Tvith  petrosilex  :on  hoinstoscw 
Compact  felspar  however  differs  from  Jkmt n* 
stone,  the  latter  being  infusible  without  the 
addition  of  alkalies. 

Mica  derives  its  name  from  the  Latin  mi- 
cam^  glittering.  It  is  known  a^  the  sub- 
stance called  ]\luscovy  glass,  ^nd  ha»  a  splen* 
dent  lustre.  It  consists  of  ve*y  thin  leaves  or 
laminae,  which  may  be  easily  .wparateci* with 
a  knife.  The  plates  are  elastic,  by  which  it 
may  be  distinguished  from  the  mineral  called 
tg.Ic,  ;  The  thin  plates  are  transparent.  The 
colours  of  the  thick  plates  are  yellow^ignyy 
bls^^kish  green»  white,  and  brown^  ;  Tbe>sur«« 
&.Ge  mayj>escr^jtebed  \^ith  a  kmfer  it^melts^ 
intO!  aii^L  enfun^l  with  the  blowpipe :  it  is  rarely: 

mel;  witb,'9rysttdJized. 

,Ta^Q  neai^  4t0^mble3  mica  in  appearances 
The  platie^.arj^- flexiWe,  but  not  elastic:  it  is 
muqh  fiQft)er  ;.thto  mica,; and  is  infusible ;  its . 
co^our^:  ge^QfaJl^ii jv?^iie  -towards  gceeni  but 
it  j[^  i^op9etai^&fti4ic«yA^e7.)Thit6i:  i'A  hsma  aoapyr; 

feeL 


ft^i  i  ChlaritB;  which  is  noarly  allit^d  to  tAl6, 
ienveaiit^nmat'fpcmckhrosy  4^e  Greek  Wdrd 
Mgnlfying-greenicTbi^  mineral  is  of  a  <iiA'»*feistf 
dnil  grew  coiour  ;^  irha9  a  gKstening  Ivistre; 
ita«tnietoTe  is  minutely  foliated ;  it  is  Mfty^M 
radnci'UDCtaous.  The  oon^ituentsuy^'^thdse 
threei  minemls  am»'  ;       ;  'hQiov; 

our    -        =1   ■     J;n:.'Mtti...    •  TWc\'-'''Chlbrfte.<-'''^'^'''' 
Silex  50    —    62   >-    41    r,i  ibi:r 

S5   ^      2  .--      « 


Lime  I     —  .  —       1 


<■-'      '       *»*  -Hi-,    - 


[agnesia         '2    —    27    —    40 

Iiiit4he50  proportions  vary  in  different  speci- 
mens*:!-'      -   r  .  '"  >^     ■  '••':-- 

l^'Hmri^lendej  to  M^hich  the  Fi'ench  give  the^ 
narde  of'  amphibole,  forms  a  constituient  part' 
of  many  rocks,  and  appears  to  conhect  tht^ 
primary  'with  those  which  are  of  volcaiirc  ofi-* 
^nV'f  It  is  of  a  black  or  darft  green  coloori'- 
it 'is  beaTier  but  less  hard  thfittt  iqtrartz  or  feU- 
spar;   it  may  be  scratched  with  a  knife,  attd 
the  colour  of  the  streak  is  aiifght-  ^reeri:' it 
yields  a  bittef  smell  when  brdilthed  updri, 
and  melts  easily  iii to  a  black  gJsss.  Common' 
hordblende  '  is'  often  conibsediy  cryiJtiaUiied ; 
it'VBiiedme^  fermi^ 'cJbtird  ibdtfntain^;  tff  1)eds 

•^'»*  .  in 
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in  nioiMntakiB^  artd  is  very  commonl j  met  wiA^ 
in  granular  pieces,  as  an  ingredient  in  cottir^ 
pound  rocks :  when  it  becotaes  more  abnn-* 
dandy  and  minutely  disseminated  in  themy 
it  forms  what  are  denominated  trap  and  basal- 
tic rocks,  whose  origin  has  greatly  divided  tbd 
opinions  of  geologists.  Hornblende  and  die 
rocks  to  which  it  is  most  nearly  allied  con- 
tain as  under: 


Hornblende. 

Basalt. 

Obsidian  or  Lava, 
volcanic  glass. 

Silex                     42      — 

44 

—      72      —      49 

AliiBiine                  8      -— 

16 

^      12      —      35 

Magnetiia      .        16      — - 

2 

* 

Lime                      9      — 

9 

—  sometimes          4 

Oxyd  of  iron        23      — 

20 

f  2  with  man-  12 
\     ganese. 

Soda                              *- 

4 

•>-^  6  witb  potash. 

Manganese             1 

Water  and  loss 

Another  mineral  substance  called  serpen^, 
tim^  from  its  spotted  colours  resembling  the 
serpent's  skin,  :\^  ill  afterwards  be  described  as 
forming  entire  cocks:  it  differs  in  conipositioa 
fron)  hornblende  by  having  a  larger  portion 
of  magnesiii  ^nd  less  iron;  it  may  perhaps  be 
regarded  ^s  an  intimate  com^^ination  of  horn- 
blenfle  and  talc  pr  chlorite.     \t^  component 

parts, 
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paito)  as  giveo  by  different  cbemistSy  are  sui 
under: 
^  45  —  29  —  45 

Aliunine  18  — .  23 

liiagnesia.  23  —  34  —  33 

Iron    ■  3—4  —  14  witKatraccofaluihrne. 

I^e  '    -*-       —    6 

Wateraadlo^  11  —  10—    8 

I'rom  these  anajj^ses  it  is  evident  that^tJM) 
specimens  vary  in  their  component. parts;  in 
some,  the  proportions  are  almost  the  same  as 
in  hornblende;  in  others,  they  more  nearly 
agree  with  talc  and  chlorite. 

Perhaps  many  varieties  of  argillaceous 
sohistus  may  be  considered  as  intimate  mtx^ 
tuires  of  hornblende,  felspar,  and  mica.  Horn- 
blende rocks  pass  by  gradation  into  slate. 

By  a  slight  variation  in  the  proportion  of 
the  ingredients,  or  by  the  union  of  two  or 
moreof  the  simple  minerals,  limestone,  quartz, 
felspar,  mica,  talc,  chlorite,  and  hornblende, 
all  rocks  both  simple  and  compound  may  be 
composed;  and  whoever  has  observed  the 
gradations  by  which  they  pass  into  each 
other,  will  be  more  inclined  to  contract  than 
extend  their  nomenclature.  A  few  names 
by  which  they  may  be  classed  under  differ- 
ent families,  appear  to  be  all  that  tli^  present 
■  .    .  state 
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state  of  the  science  will  admit;  but  these 
names  must  be  accompanied  by  a  precise  de- 
scription of  the  individual  rock,  if  we  mean 
to  convey  useful  informatipq*  No  general 
terms  can  be  used  that  will  comprise  the  infi- 
nite variety  of  combinations  in  the  mineral 
kingijom;  for  it  may  be  safely  affirmed,  that 
no  two  rocks  from  different  districts,  which 
liave  the  same  name,  are  precisely  the  same : 
even  from  the  same  mass  of  rock,  tivo  pieces 
might  frequently  be  broken,  essentially  alike, 
though  differing  in  their  appearance,  which 
would  be  classed  as  different  substances  by 
those  who  view  nature  only  through  the  sp^c^ 
tfitcles  of  artificial  arrangements* 


GHAP- 


,,,,    .,       CHAPTER  III. 

JM 'i  ^j  d/  BOCKS  'Alfn>    STRATA. 

Different  Positions  explained. — Relative  A^es  of 

Hocks  deiermbied  in  some  Instances  by  their  Pch 

^^mion,^And'by  the  Substances  imbedded  inthmi 

-'^Appearances  presented  b^  sttdtijiid  parotid 

ItdeiiSy  illustrated  by  a  Secti&n  of  Hte  Countt^ 

'frtm  Sheffield  to  Castteton.^^  E^cacation  ^ 

:iPraIl€gkf*^VMeys  formed  by  the  Dislocation  of 

ii^Mis  fmd  *Straia.~^Beds  qf  Gravel,: ;  Opinions 

fected. — Bones  of  large  Qjuadrupeds  transported 
zcithout  Injury  by  similar  Operations. — Hills 
and  Mountains f  Observations  respecting  their 
Declivities. 

1 II E  relative  position  of  rocks,  or  the  order 
in  which  they  succeed  or  cover  each  other, 
and  the  manner  in  which  they  are  laid,  forms 
an  interesting  subject  of  geological  inquiry,  as 
it  is  intimately  connected  with  the  structure 
of  the  earth's  surface,  and  is  supposed  to  de- 
termine the  relative  ages  of  different  moun* 
tain  masses.  The  German  geologists  assert 
that  the  primary  and  secondary  rocks  occur 

in 
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in  a  certain  determinate  ohler,  and  *^hc&relc 
the  globe  in  different  kyers  like  thfe  corits  of 
an  onion.  According  to  this  system,  arll^e 
principal  primary  and  secondary  rodfeS^^fefe 
what  they  denominate  universal  fOrmatidtts, 
or  are  formed  universally  over  the  nucleus  of 
the  earth  in  a  regular  series,  which  is  the  sAihe 
in  every  part  of  the  world.  This  assfettioii'is 
not  confirmed  by  experience  to  the  extent 
which  these  geologists  contend  for.       '     *  '■ 

There  are,  however,  certain  rocks  thatt  ge- 
nerally lie  below  rocks  of  another  diss,  «hd 
contain  no  remains  of  organic  life  :  it  is' in- 
ferred that  they  are  the  oldest  rock  forma- 
tions with  which  we  are  acquainted,  and  hence 
they  have  received  the  name  of  primary.  ' 

No  inference  can  appear  more  legitimate 
than  this :  ^*  The  rock  which  supports  another 
must  be  older  than  that  which  rests  upoft  it,  if 
their  original  position  has  not  been  changed  :'* 
But  this  conclusion,  when  examined  with  at- 
tention, will  fairly  admit  of  doubt  with  re- 
spect to  those  rocks  which  are  crystalline  like 
the  primary.  These  were  formed  by  che- 
mical affinity  from  a  state  of  solution,  or  by 
crystallization  from  a  state  of  fusion:  if  by 
the  latter  mode,  all  the  different  materials 

may 
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^j^qfy.hftsf^beeo.  arranged  frooLkhe  same  mass 

:  9t  tli^^^nfie  timcu  and  the  upper  aad  lower 

rpckf  va^y,  h^yct:^  cotemporaneous  origin.    If 

a  masa  of  mel^'Pitatter  from  a  furnace  cool 

alowiy^f  the  in^rnal  and  e&teraai  parts  will 

yi)iy^l')l9tli  in i. their  physical  and  chemical 

properties;  bat  it  cannotf  on  this  account, 

be  said  that  the  former  are  older  than  the 

latter.     In  tbo^e  rocks  which  have  been  sub« 

jected  to  external  agency,  ^as^  in  sand  rocks 

which   contain  fragments .  that    have   been 

ptmdad  by  water,  their  .situation  evidently 

g]roves  that  they  were  formed  after  the  rock^ 

9|[^  which  they  rest. 

,  lb  »iias  been  before  observed,  that  thoae 
roclc^^. which  contain  different  organic  re-» 
mains,  separated  by  beds  or  strata  in  which 
,00  such  remains  occur,  must  have  been 
6>rmed  in  succession  over  each  other,  and 
probably  at  very  disUxnt  intervals  of  time. 
This  inference  appears  to  me  conclusive,  nor 
can  it  be  i  j/ivaliidated  by  the  crystaUine  ar- 
rangement and  cleavage  of  some  of  those 
rocks.  For  calcareous  stalactites,  which  we 
know  were  formed  by  successive  depositions 
of  matter,  ^{^cqjuire,  by  some  process  of  na- 
ture, acrystalline  arrangement  of  the  par- 
ticles, 
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tides,  and  cleave  into  regular  rbombs,  like 
the  most  perfect  crystals  of  carbonate  of 
lime. 

There  are  also  two  modes  of  superposition^ 
which  mark  distinctly  the  relative  ages  of  the 
different  classes  of  rocks  in  which  they  occur: 
these  have  been  denominated  the  ^  conform^ 
able'  and  the  ^  unconformable  overlying'  po- 
sitions. 

The  conformable  position  is  represented 
pi.  I.  fig.  1.  where  a  is  the  foundation  rock^ 
on  which  th^.  rocks  2,  3,  4,  &c.  are  laid,  and 
may  be  supposed  to  encircle  or  to  cover  one 
side  of  tke  mountain  with  a  general  confor- 
mity to  the  shape  of  the  lower  rocks  on  which 
ihey  appear  to  be  moulded;  preserving  the 
riame  elevations^  depressions,  and  undulations, 
as  those  of  the  foundation  rock.  Rocks  which 
occur  in  this  position,  have  a  general  but  not 
an  invariable  order  of  succession.  Granite  is 
t])e  ibundation  rock  on  which  gneiss,  mica* 
coous  schist,  and  slate  are  laid;  next  succeed 
transition  rocks,  and  over  these  the  secondary 
i^tialified  rocks. 

The  position  which  the  Germans  call  un- 
conformable and   overlying,  is  represented 
plate  I.  fig.  2.  where  (/  is  a  mass  of  superin- 
cumbent 


^ 
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cumbent  rock  resting  upon  the  rocks  1,  2,  3, 
without  any  conformity  to  the  shape  of  the 
lower.  Whatever  theory  we  adopt  respecting 
the  formation  of  rocks*  we  must  admit  that 
the  supei^ncumbent  rocks  in  this  situatioif 
are  of  more  recent  origin  than  those  which 
they  cover:  the  lower  must  have  been  hard 
and  unyielding  when  the  upper  were  thrown 
upon  them.  If  a  thick  stream  of  lava,  as  fre- 
quently happens,  were  to  flow  over  a  range  of 
conformable  rocks,  filling  up  the  cavities  and 
inequalities  of  the  surface, — when  it  became 
hard  by  cooling,  it  would  form  a  bed  of  super* 
incumbent  unconformable  rock.  Such  in- 
stances  are  common  in  volcanic  countries. 
Very  extensive  ranges  of  rocks  and  mountains 
occur  in  this  position  in  various  parts  of  the 
world,  not  only  covering  the  primary  but  the 
secondary  rocks.  These  will  hereafter  be  de- 
scribeii  under  the  name  of  porphyry,  sienite, 
and  basalt;  they  frequently  assume  the  co- 
lumnar structure,  and  sometimes  form  vast 
ranges  of  natural  pillars,  as  at  StafFa  one  of 
the  Hebrides,  on  the  north  of  Ireland,  in  Ice- 
land, Sicily,  and  many  volcanic  countries. 

It  is  deserving  of  notice,  that  many  of  the 
rocks  to  which  this  position  is  peculiar  have 

E  a  near 
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f  Dear  resemblance  both  in  their  composition 
and  structure  to  volcanic  products. 

The  compound  term  ^  unconformable  and 
•rerlying/  introduced  from  the  Germans*  is 
ixtremely  harsh,  and  may  be  omitted,  as  the 
nmple  term  '  superincumbent/  when  applied 
to  basaltic  rocks  and  those  of  porphyry  and 
$ienite,  to  which  this  position  is  almost  pecu« 
liar^  will  generally  be  sufficient  to  distinguish 
it  from  that  of  conformable  and  imbedded 
rocks. 

The  position  of  imbedded  rocks  is  repre- 
sented plate  I.  iig.  1.  where  b  is  supposed  to 
be  a  section  of  a  bed  of  limestone  lying  be- 
tween two  rocks  of  slate.  The  slate  in  this 
instance  is  the  principal,  and  the  limestone 
the  subordinate  rock. 

Stratified  secondary  rocks  are  .generally 
conformable  or  parallel  to  each  other,  for  a 
certain  extent;  and  this  conformity  may  some- 
times be  traced  over  a.  whole  district,  the  dif- 
ferent strata  having  the  same  undulatioobs, 
and  rising  ^nd  felling  together  until  they  are 
broken  by  rents^  which  have  elevated  them 
on  one  side>  and  depressed  them  on  the 
other. —^Their  continuity  is  sometimes  inter- 
rupted by  the  excavation  of  valltys  formed 

bv 
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b}-  the  rivers  which  flow  through  them. — In 
these  instances  we  shall  frequently  observe 
the  same  rocks,  or  strata,  which  form  the 
lower  part  of  the  hills  on  one  side  of  the  vale, 
resting  upon  the  summits  of  the  hills  on  the 
opposite  side ;  which  is  owing  to  the  general 
rise  of  the  strata  in  that  direction. — ^This 
will  be  more  dbtinctly  understood  by  con- 
sulting plate  IL  fig.  1.  which  is  intended  to 
represent  the  general  rise  of  the  strata  from 
Sheffield  in  Yorkshire  to  Castleton  in  Derby- 
shire, intersected  by  the  valley  through  which 
the  river  Derwent  flows. 

The  town  of  Sheffield,  fig.  1.  is  built  over 
coal  strata,  which  rise  towards  the  west,  and 
disappear  in  that  direction  about  five  miles 
from  Sheffield  (2).  Here  the  under  rock  makes 
its  appearance  (3),  which  is  a  bed  of  coarse 
gritstone,  more  than  one  hundred  and  twenty 
yards  in  thickness,  ibrmitig  the  summits  of 
all  the  mountains  as  you  advance  to  the  vale 
of  Derwent  (4).  The  grit-rock  rests  upon  a 
thicker  bed,  of  a  diffi^rent  kind,  composed 
of  slaty  sandstone,  represented  (5).  On  tha 
western  side  of  the  valley,  this  rock  exists 
only  as  a  cap  or  covering  on  Whin-Hill,  a 
lofty  raoimtaio,  marked  (6),  Two  miles  fur- 

E  2  ther 
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ther  west  the  grit-rock  disappears,  and  the 
slaty  sandstone  which  is  the  base  of  Whin- 
Hill  forms  the  summit  of  the  celebrated  Mam 
Tor,  or  the  shivering  mountain.  The  com- 
pact limestone  (7)  here  makes  its  appearance 
as  the  base  of  Mam  Tor,  and  further  west 
the  same  limestone  forms  entire  mountains. 
The  difference  observable  in  the  rocks  east 
and  west  of  the  Derwent  is  owing  to  the  gene- 
ral rise  of  the  strata  in  the  latter  direction. 

In  other  instances,  the  difference  in  the 
position  of  rocks  on  the  opposite  sides  of  a 
valley  is  occasioned  by  the  elevation  or  de- 
pression of  one  of  the  sides ;  for  sometimes 
the  continuity  of  rocks  and  strata  is  so  entirely 
broken  by  tlie  great  convulsions  which  have 
agitated  the  surface  of  the  globe,  that  a 
whole  series  of  strata  disappear,  and  a  fresh 
series  of  different  rocks  supply  their  places. 

Deep  vaileys  have  also  been  formed  by  a 
sudden  sinking  down  of  tiie  surface,  occasioned 
by  earthquakes  and  other  subterranean  agents. 
The  chasms  thus  made  have  been  widened  by 
mountain  torrents  and  inundations,  which 
have  covered  the  bottom  with  loose  rocks  and 
stones  borne  down  in  their  descent. 

Sniall  w^ater-wom  pieces  of  stone  and  round 

pebbles, 
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pebbles,  intermixed  with  sand  and  clay,  con- 
stitute gravel,  which  frequently  covers  the 
surface  to  a  considerable  depth  in  detached 
masses  called  gravel  beds:  these  are  some- 
times very  extensive,  and  conceal  the  nature 
and  arran2:ement  of  the  lower  rocks  or  strata. 
When  the  sand  or  clay  contains  much  oxyd 
of  iron,  the  gravel  becomes  consolidated,  and 
forms  a  breccia  or  puddingstone,  in  which 
the  pebbles  are  held  together  by  a  cement. 
Beds  of  gravel  and  puddingstone  are  com- 
mon in  the  neighbourhood  of  lofty  mountains. 
The  stones  and  pebbles  are  formed  from  the 
fragments  of  these  mountains,  rounded  by 
the  agency  of  water ;  they  are  observed  to 
decrease  in  size  according  to  their  distfince 
from  the  mountains.  Probably  many  of  them 
were  formed  before  the  mountains  and  lower 
grounds  had  acquired  their  present  elevation 
above  the  level  of  the  sea.  At  this  time,  too, 
many  of  the  valleys  might  be  excavated  by 
marine  currents. 

It  is  granted  by  all  geologists  that  the 
ocean  has  once  covered  our  present  continents. 
The  disciples  of  Werner  assert  that  the  re- 
tiring of  the  water  was  gradual.  Were  we 
to  suppose,  with,  other  geologists,  that  the 

dry 
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dr^  land  was  elevated  by  the  expansive  force 
of  central  fires,  this  power  acting, upon  an  ex^ 
t^isive  portion  of  the  globe  might  be  ages 
io  upheavuig  the  incumbent  surface,  wbieh 
would  continue  to  rise  until  vast  fissures  wer« 
mifde,  through  whioh  the  subterranean  melted 
matter  would  be  thrown  over  the  mountains 
and  plains  then  existing,  and  form  the  super*- 
incumbent  rocks  of  basalt,  porphyry,  and 
sbnite^  that  seem  to  be  so  nearly  allied  to 
voleanic  products^  While  one  part  of  the- 
sur&ce  was  rising,  ianother  part  would  sinkr 
and  form  a  new  bed  into  whioh  the  waters  of 
ijsm  ocean  would!  gradually  retire*  Thust  ac* 
cording  to  either  system,  roUecl  pebbles  aiigbt 
b«  formed  by  the  tides  of  tht  retiring  ocean^ 
and  icarried  to  a  great  distance  tVom  their 
parent  rocks. 

.According  to  Humboldt,  the  extraordinairj 
eruptions  by  which  new  islands  have  beea 
formed  since  the  period  of  authentic  bistoryi 
are  generally  preceded  by  a  swelling  of  the 
sofitezied  crust  of  the  globe*  At  Kamerni  .the 
nfiw  island  made  its  appearance  above  the  aea 
tvi^ntj^sidQ  d^s<  J^efore  the^  smoke  was  visible^ 
^^'>E.very  thing:  indicates  that  the  physical 
changes) .ofi  ^\udi  > traditioo:  ha3  prcjserved 
•<::?.!>  ..Tj  the 


the  remembrance  exhibit  but  a  feeble  imagit 
of  those  ^gantio  catastrophes  which  hartt' 
given  mountains  their  preii^ent  fbrtn^  changed 
the  position  of  the  focky  strata,  and  buried. 
ssBrshelis  on  the  dummit  of  the  higher  alpSj^v 
It  was  undoubtedly  in  those  remote*  timn 
which  preceded  the  existence  of  the  humaa- 
race^  that  therhised  crust  of  the  globe  praii 
duoed  those  domes  of  traj^an  porphyr}^ 
those  hills  of  isolated  basalt  in  vast  elevated- 
plains,  those  solid  nuclei  covered  with  the 
modern .  lavas  of  the  Peak  of  Tenerifiby  of 
Strni,  and  Cbtopaxi."     Humboldt. ^  .t 

Vast  masses' of  rock  near  the  sea  shore  an* 
sometimes  enveloped  in  fields  of  ice^  and 
raised  up  and  transported  to  distant  countrieai 
lee  is  specifically  lighter  than  water;  every 
cubic  yard  will  support  a  stone  of  one  hnndttd 
pounds  weight :  hence  we  need  not  foe  rar* 
prised  at  the  insulated  blocks  of  granite  that 
^re  sometinies  foofid  in  situations  far  remote 
fnm  primary  mountains.  These  blocks  Ikiin^ 
been  floated  dveir  the  ocean^  and  their  dngulav 
points  aiid  edges  defended  ft^m  attrition^ 
daring  their  passage,  by  the^  suFronnding  ioe^ 
In  thid  manner  large  ftagment^of  gramttc 
add  9tb«  primary  fo«^ks  twy-  have  bean 

brought 
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brought  upon  our  coast  from  Norwayjand 
Greenlaud.  In  a  siinilar  way,  in  all  proba^* 
bility,  were  the  bones  of  elephaats  and  hip^ 
popotami  conveyed,  without  attritioa  or  iyor 
jury,  from  the  valleys  of  Siberia  to  the  Ley 
8ea,  where  they  are  collected. in  prodigioiis 
heaps,  iotermixed  with  sand  and  ice,  and 
forifx  entire  islands  of  considerable  txt&aA. 
Similar  bones  are  found  under  the  sur&ice,  ia 
tlie  banks  of  all  the  great  rivers  of  Asia- that 
fall  into  the  Arctic  ocean. .  .        ;     • 

It  has  been  noticed,  in  the  preceding  chafH 
ter,  that  if  a  layer  or  stratum  of  stone  be:se« 
veral  yju'ds  thick,  it  is  generally  denonunated 
a  faed»  If  the  bed  be  so  large  as  to  form  va 
entire  rock,  it  may  be  called  a  mountain  maw^ 

Fragments  of  rock  are  differently  deaomi- 
nated  according  to  their  size :  rounded  frag«- 
ments  from  the  magnitude  of  a  pea  to  that 
of  a  melon  are  generally  called  pebbles:  if 
larger  fragments  or  stones  exceed  five  or  six 
feet  in  length  and .  breadth,  they  are  more 
properly  described  as  blocks  or  rocky  masses: 
such  is  the  great  stone  which  nearly  chokes 
up  the  passage  oa , one  side  of  Borrowdale, 
called  the  Biowder  stone. 
. ;  Mouii tains  <ffly^i  billb  a  rQ  ne  lavi vo  terms  with 
-iy...,  respect 
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respect  to  each  olher ;  the  highest  elevations 
being  idenominated  mountains,  and  the  lowet 
liills.     in  the   vicinity  of  Mont  Blanc  and 
J!biont  Bosa^  in. Switzerland,  trhicb  are  mor^ 
l^ian  five  thousand  yards  high,  the  moantaihs 
ttt  Cumberland  and  North  Wales  would  be 
called  hills  (coZ/mes),  though  Snowdon/ Skid^ 
iianr,  and  Helvellyn  rise  nearly  eleven  hundred 
Vards  fpom  the  level  of  the  sea,  and  are  teh 
•itnes^highorthanHighgateHill,  near  Londoni 
In  England,  if  hills  rise  abruptly,  and  are 
iq^rethan  four  hundred  yards  above  the  sur* 
Kmoding'jbotontry,  they 'are  generally  called 
mouweaimi     Mountains '  are  sometimes   de-^ 
tackedj  bufrimore  commonly  are  collected  in 
gvoupsiior  eKtended  in  ranges  or  mountain 
ehflins^'whidi  traverse  ^vhole  districts  or  king- 
doms either  in  a  strais^ht  or  a  curved  direct 
tsffsk,  *  The*  most  extensive'  mountain  chaiml 
have^a  iMrthem  and  southiern  direction.     It 
has  been  observed,  that  in  mountain  ranges! 
wi^ch  have  this  direction,  the  steepest  de- 
clivity is  oft  the  western  sid6 ;   and  in  eh«Si!f 
wbtcb  have  an  eastern  and  western  directioh; 
tbaMeepest side  is  to^vards  the ^ottth.    Frorf 
this  rule  many  exceptions  iWight  be' ^stated; 
i  iMoli  i  ^  i  moi^  gienef  ai '  ahd '  ^hivttrfiAbli^  -f  ule 
'^vi-  •»  might 
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might  be  substituted,  which  I  submit  to  the 
attention  of  travjelbr^  And  ^eylogists.  Moun- 
tain chains  or  ranges  present  the  steepest  de- 
clivities On' the  sides  lieai^est  to  thtf  §€fA;   This 
is  rfem^ably  the  case  'tn  the  loftg  <:*iiain  of 
tbey^U^g^uy  mountains  on  the  pastern  side 
.  of  ^mericajv  which  are  steep  towards /the  At- 
,liihtie/~  Oil  the  contrary,  the  Stony*moun- 
^  tfciis  ^hich  run  itfear  the  north-wiest  coast, 
'  and- \the^  Andes  fidar  the  southern  Picific 
'iticean,  iire^Viteejiest  \^^^  western  side;    In 

ranges  of  tobuntaitfai  that  form  the  bmittdhries 
of  extensive  vales,  through  whi<ih  lat^g'e  rivers 
tfo\y,  the  mountains  nearest  to  the  rivers  have 
th«  s|l;eepest  declivities^  The  largest  rivers 
have  tbeii^  origii)  from  the  sides  of  mountains 
vhich^are  mofit  inclined  to  the  horizon^  and 
-mo9t  ramot^  from  the  sea^    -  ^^ 
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^V  GRJLXITE   AiJ;0  OTHER    ROCKS    GEXE- 
RALhY   PENOMINATIEID    PRIMARY. 

Cfeological  Clhssiflcation  of  rocks: — 1.  Primary — 

2.  Secondary  Metalliferous  or  Trandtion  Rocks 

■  -^3.  Bifsaltic^-^.  Upper  Secondary-^S.  AOur 

vial— 6.  Votoanic-^7.  (Supposed)  Fresh-Waftr 

• !  I  ^Formations.^'^rGramte.  Mocks,  i  t/^fir  Cj^fMposition 

^    ajsii^^rMCiurfi,''^rafHfic  Afotmfflinsqf  Eurj9pe 

/n'iim4i4fV^ACia.tr'Mm  BJoHC^^r^rQnite  Veins. 

^.^  —Citation  of  Cranite  Rofks  in  England.--^ 

^^fiocks  of  Gneiss  and  Micaceotis  Schist  desert- 

hed. — Micaceous  Schist  of  An^tesSa  ctnSt  ^the 

Opposite ''t^odk  of  fretand.—'t^rysfallirle  Utftue- 

siiihe  In  TrMary  Mountains.— Formation  of 

Litne  hy  'Amnial  Secretion. — Origin  of  cakarc' 

ous  Rocks. — Serpentine  Rock.-^^l^irtkantifaCif*^ 

Boautiful    Serpentine    of  Anglesea.-^Quartz 

Bock. — Anofnaious  Rocks, 

1p  any  rooks  can  with  propriety  be  de-r 
nominated  primary  or  primitive,  they  are 
those  which  are  most  widely  spread  over  the 
globe  in  the  lowest  relative  situation,  and 
whicli  contain  no  remains  of  organic  ex* 
istcnce.     Werner  has  enumerated  fourteen 

primary 
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primary  rocks ;  but  as  some  of  these  liave 
^OQIy  been  found  at  present  in  one  place,  k 
appears  improper  to  cofrnder  them  as  distinct 
orders,  unless  we  arrange  every  variety  of 
;ock  in  the  same  .maQn6r9  and  increase  the 
j}umberof  orders  indefinitely*. 
>  The  arrangement  here  introduced  will,  I 
irust,^  l^e  found  both  simple  and  intelligible, 

'        i»^ii^— — ^— ■  ■       ■■  I    I—— 11       mat 

*  The  system  of  classifidation  introduced  by  Werner,  was 
formed  principally  from  observations  made  in  Saxony,  and 
had  great  merit,  as '  illustrating  the  geoldgy  df  that  part 
of  Germany :  but  it  has  been  objected  with  much  reason 
to  the  general  adoption  of  the  terms  he  empl^ji  that 
they  were  framed  to  siut  a  particular  theory,  before  a 
sufficient  nuthb^  of  facts  had  been  collected  to  warr^t  its 
j^ceptif\i^  Sijib^uent  disqi^eries  ^vf  ako  proved,,  that 
the  different  classes  into  which  Werner  \\as  divided  rocks 
have  not  the  marked  and  definite  characters  necessary  to 
constitute  a  natural  system  of  arrarigem^nf.  Even  the 
Professor  who  first  introduced  into  this  country  the  distinc- 
tions of  transition  and  floetz  rocks,  as  a  most  important 
discovery  of  Werner,  now  states  his  opinion,  ^^  ihat  th§ 
trmsltion  r6cks  may  alternate  with  Jlcetz  rocks,  and  there'* 
farBihtU  the  irtinsitum  and  Jlcetz  classes  are  not  separa^ 
t^\fr<im.  eachplthv  in  the  wanner  generally  alleged.*' 
.This  admission  is  the  more  remarkable,  when  we  recol- 
lect  the  r.nnfidence  with-whteh  -these  divisions  were  sup« 
pott^d^'tfiM  'tNi-«61eiJm  triflii^g  often  employed  to^  de- 
tJeipbrae  Mfhet^  jocka  belooged  to  the  diM  <if 
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and  as-  conformable  to  nature  as  the  present 
3tate  of  oar  information  will  admit  It  in« 
dudeB  only  three'  principal  focks  as  primary, 
granite,  with  gneiss,  and  mica  skttey  which  life 
nearly  allied  to  granite,  and  form  an  incrus- 
tation over  it:  these  never  contam  organic 
Temains,  and  they  have  rarely  been  6b»fc^ved 
lying  over  other  rocks  in  which  such  rie^- 
mains  are  found. 

CLASS    I.  ,  .. 


.;.' 


..,,  Prificipal  rocks  denominated  Frimar^ :^ ^ 

1  GranitiEi, 

2  Gneiss  or  slaty  granite/ 
,    3  Micaceo.qs  schist  or  mic^  slate- 

Subordinate  rocH  which  occur  imbedded  in 

the  two  latter. 

1  Crystalline  lime-stone.  oi 

2  Crystalline  hornblende  rock.  "'^ 

3  Serpentine. 

Serpentine  and  Hornblende  rock  are  alsio 
found  in  other  situations  >n  a  superincumbent; 
position*.     Beds  and  entire  mountain  masses 

of 
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*  Since  the  publicatioQ  of  the  ^m;  editJM  ef  this  work, 
M.  Brongniart^  a  celebrated  French  minereJogitt,  has  fJifr 
pomd^hn  ^inmgemtik'in  ^nftm^  f^'pects  similar  to  what 
I  had  adopted.  '^  II  n'est  plus  peetlAte^d'kdte^ttfe  teWn 
quelles  ont  it6  ^tablies  les  grandes  divisions  de  la  succes- 

uoi^ 


of  quartz  and  felspar  occur  occasionaUy  in 
gneiss  and  mica  slate.  The  quarte  is  some* 
tiises  finely  granular,  and  differs  in  no  re-^ 
spects  from  crystalline  siliceous  sand-stone. 

CLASS    ITt 

Secondary  Metalliferous  rocks  denominated 
by  some  geologists  Transition  rocks. 

1  Argillaceous  schistus,  slate,  clay  slate 

of  Werner. 

2  Flinty  slate.  (Hornstone)  sometimes  por^.* 

phyritic. 

3  Gray  wacke  and  gray  wacke  (or  coarse) 

slate. 

4  Metalliferous  lime^stone. 

5  Red  Sand-stone*  also  occurs  alternating 
with  the  above  lime-stone  and  slute:  it  is 
frequently  colourexl  red, 

sion  des  couches  du  globe."  The  characters  of  Bron- 
gniart's  first  class  agree  with  those  i  hod  before  given  in 
this  work.  ^^  La  premiere  classe  renfermerait  les  terreins 
dans  lesquelles  on  n'a  encore  d^couvert  aucun  debris  do 
corps  orgauis(^s  dont  la  structure  est  crj'stallis^,  et  dans  la 
composition  desquelles  les  roches  granitiques  proprement 
ditea  sont  doroinantes."  Journal  des  Mines,  Mai  1814. 
•  This  sand-stone  has  been  called  bv  Werner  the  "  old 

* 

rtd  atnd-stone ;"  but  it  has  very  frequently  been  confounded 
with  sand-stone,  whose  geological  position  is  very  differ- 
ent. ■  See  Appendix.  It  should  appear  that  sand-stone  ex- 
ists in  every  class  of  rooks;  from  those  wliich  the  Wemerians 
coaaader  as  the  oldest,  to  the  very  newest  formations.  The 
recks  of  tlie  first  and  second  class  in  this  arrangement,  will 
comprise  all  that  either  commonly  contain  metallic  veiai  qt 
alternate  with  metalliferous  rocks« 

Subordinate 


^ukfi/fdimte  ta  rocks  of  this  class.       . 
SslnjfeeeJdedtfap. 

CLASS    III. 

Superincumbent  rocjcs  of  basaltic  conformar.    .> 

fio/i,  or  Basaltic  rocks. 

, . .  .'J    ,..'.■     .-  ■  \  ,■     • .. 

1  Trap  or  basalt, 
Forpiiyry. 

3  Sienite. 

Sienite  and  porphyry  are  classed  byi.Wer- 
ner.Aji^hjys  priirji(ive  rocks.  .^Tbe  pe3sop8,foif 
arranging  them  in  a  separate  class  are'f^ubse- 
quently  stated.     With  nrany  personiilthe^auJ^^ 
tho]rity:  of.  eminent  names,  particularly  of  ffo-' 
feigners,  has: more  weight  than  any   redden^   / 
whatever;  I  shall  therefore  add  the  ojiiniorf  -  ; 
of  Brpiigiwwt,  that  **  we  are  not  at  preseftt,..  , 
able  to'find  a  dienite  or  porphyry  which 'iK  ' 
evidently  primitive/'    He  adopts  an  arrange* 
ment  simila^  to  the  above^  forming  a  fourth  - 
clas!9  distiriguished  by  the  presence  of  incnm-^ 

bent  porphyry  and  sienite.  '    '.     ' 

'  •    .  .        ..• 

-  "  '  -•:  ■•    -CLASS  try 
Vpper  SecMdethf  SiraHfieif  foeks^ 
>  'Siiieeo!68>8niidstonev 


'  I :  i :  ■        > 


2  Arsril- 

».  .     Ml  »        .  ^  O 


64  GBOLOGICAL   CLASSIFICATION. 

2  Argillaceous  sandstone. 

3  Calcareous  sandstone  and  magnesian  and 

earthy  limestone. 

4  Chalk. 

Subordinate  beds  or  strata  in  secondari/  rocks. 

1  Trap. 

2  Gypsum. 

3  Rock  salt. 

4  Ironstone. 

5  CoaL 

CLASS     V. 

AlluviaL 

1  Clay. 

2  Sand. 

3  Gravel. 

4  Calcareous  tufa. 

Beds  of  peat  and  wood-coal  occur  in   or 
over  the  sand  and  gravel. 

CLASS    VI.       \i?- 

Volcanic  rocks. 

1  Lava. 

2  Pumice. 

3  Obsidian. 

4  Tufa  and  volcanic  breccias. 

A  local  formation  of  calcareous  strata  over 

chalk 
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chalk  has  recently  heen  discovered  in  *  the 
vicioity  of  Paris,  in  some  parts  of  the  south  of 
Eingland^  and  also  in  other  situations  :  these 
strata  contain  remains  of  fresh  water  fish  aokd 
quadrupeds.  They  might  constitute  a  sepa« 
rate  class;  but  they  are  perhaps  too  limited 
to  be  enumerated  among  the  great  masses- 
that  form  the  crust  of  the  globe :  they  will  be 
noticed  in  the  subsequei^t  chapters. 

Rocks  of  the  first  class. 

«. 

Granite  is  considered  as  the  foundation 
rock  on  which  slate  rocks  and  all  secondary 
rocks  are  laid.  From  its  great  relative  depth, 
granite  is  not  frequently  met  with,  except  in 
situations  where  it  appears  to  have  been 
forced  through  the  more  superficial  covering 
of  the  globe.  Where  granite  rises  above  the 
surface,  the  beds  of  other  rocks  in  the  same 
district  genially  rise  towards  it,  and  their 
angles  of  elKVation  increase  as  they  approach 
nearer  to  it.     Some  writers  derive  the  name 

* 

from  geranitesy  a  word  used  by  Pliny  to  de- 
note a  particular  kind  of  stone ;  others  with 
more  probability  suppose  that  the  name  ori- 
ginated from  its  granular  structure,  or  the 
grains  of  which  it  is  composed.  Granite  is  a 
!  p  hard 
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famrd  rock :  its  constituent  parts  are  the  three 
substances  described  in  the  second  chapter, 
quartz,  felspar,  and  mica,  which  are  more  or 
less  perfectly  crystallized,  and  closely  united 
together. 

The  three  minerals  of  which  granite  is  com- 
posed vary  much  in  their  proportions  in  dif- 
ferent granitic  rocks ;  and  often  in  specimens 
from  the  same  rock,  the  crystals  are  large, 
or  small,  or  equally  intermixed,  in  one  part, 
end  in  another  part  quartz  or  felspar  greatly 
predominates.  Some  granites  are  composed 
of  small  grains,  and  have  large  crystals  of 
iblspar  interspersed;  these  are  denominated 
porphyritic  granites.  Stones  of  this  kind  are 
common  in  the  foot  pavements  of  London  *. 

Very  small  grained  granites  can  scarcely 

*  Specimens  of  Cornish  and  Scotch  granites  are  not 
difficult  to  procure  in  London^  as  they  are  commonly  used 
for  pavin^stones.  In  the  former  the  felspar  »  white,  in 
•ome  specimens  it  is  soft  and  earthy;  the  mica  appears  like 
glistening  scales  which  have  a  tarnished  semi-metallic  lus-» 
tre.  The  quartz  has  a  vitreous  appearance,  and  is  of  a 
light  gray  colour.  In  Scotch  granite  the  felspar  has  more 
commonly  a  reddish  brown  colour.  The  mica  is  not  un- 
frequently  black  and  splendent,  and  may  be  divided  into 
thin  scales  by  the  point  of  a  penknife :  this  distinguishes 
it  from  hornblende,  which  is  sometimes  intermixt  with  this 
granite, 

be 
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be  distinguished  from  sandstone.     In  gene-' 

k1,  felspar  may  be  considered  as  forming  tbe 

most  abundant  part  of  granite;   it  is  some^^ 

times  in  a  decomposing  state,  owing  to  the 

potash  which  frequently  forms  a  constituent 

part  of  this  mineral.     It  is  not  improbable^ 

bowever,  that  what  is  considered  as  deconn 

posing  granite,  may,  in  some  inetaoices,  bd 

the  original  state  of  the   rock  ;  for  vanrioug 

Cifoses  may  easily  be  conceived,  whkh  would 

arre^A    the    progress    of   cryst^lKzatfton    ia 

roeka,  as  we  frequently  see  such  a»  effect  ttf  - 

have  taken  place  in  the  fodritration  of  simple 

ntineirals^ 

Ghrdnite  is  not  stratified^  but  is  sometrmesf 
separatted  into  tabular  masses^  which  havct 
been  mistaken  lor  strata.  It  is  more  frd* 
qoently  divided  into  large  blocks,  "V^hicb  bave> 
9  tendency  to  assume  a  rhoiAboidal  ibrmv 
Gnmite  also  exists  in  the  form  of  globular 
maasei^  which  are  composed  of  concentric^ 
spherical  layers,  separated  by  granite  of  a 
less  compact  kind,  and  inclosing  a  harder 
cenlral  nacleus.  These  globular  maeses^  ara 
tlitee  or  four  yards  or  more  in  diatneter,  and 
acre  sometimes  found  detached,  and  some- 
times imbedded  in  granite  of  a  softer  kind ; 

r  2  probably 
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probably  the  detached  globes  of  granite  were 
also  once  imbedded  in  a  similar  rock,  whick 
has  been  decomposed  and  worn  away.  This 
globular  structure  is  not  pecuhar  to  granite; 
it  will  be  again  mentioned,  and  circumstances 
Stated  which  appear  to  illustrate  its  format- 
tion.  When  granite  rises  high  above  the  sur- 
face, it  forms  lofty  peaks  and  rugged  piles^ 
which  at  a  distance  resemble  immense  ruins. 
According  to  the  German  geologists,  granite 
is  the  lowest  of  rock  formations ;  but  from 
the  observations  of  D'Aubuisson  in  Auvergne, 
and  of  Humboldt  in  South  America,  and 
from  various  known  phaenomena,  we  have 
reason  to  infer  that  the  source  of  volcanic 
fires  is  far  below  granite*.  The  highest  point 
at  which  granite  has  been  seen  is  the  summit 
of  Mont  Blanc,  in  Switzerland,  the  loftiest 
mountain  in  Europe,  rising  fifteen  thousand  ^ 
six  hundred  and  eiijhtv  feet  above  the  level 
of  the  sea,  or  nearly  five  times  higher  than 

*  It  seems  evident,  says  Humboldt,  that  in  the  Canary 
Islands,  as  well  as  on  the  Andes  of  Quito,  in  Greece,  and 
the  greater  part  of  the  world,  the  subterranean  fires  have 
pierced  through  the  primary  rocks.  He  further  adduces  the 
great  number  of  warm  springs,  which  he  has  seen  issuing 
Irom  granfte,  gneiss,  and  mica  slate,  in  proof  of  this  opi- 
nion.   Humboldt's  NaTratwi. 

any 
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any  mountain  in  England  or  Wales,  It  was 
first  ascended  by  Doctor  Picard  in  1786,  and 
afterwards  by  Saussure,  who  has  published 
a  very  interesting  account  of  his  ascent.  He 
set  out  from  the  priory  of  Chamouni,  froni 
whence  the  distance  to  the  summit  of  the 
mountain  in  a  direct  line  is  not  more  than  two 
French  leagues  and  a  quarter:  but  owing 
to  the  difficulty  of  the  ascent,  it  requires 
eighteen  hours  continued  labour,  exclusively 
of  the  time  necessary  for  repose  and  refresh- 
ment. The  first  day's  journey  was  compara- 
tively easy,  the  route  being  over  soil  covered 
with  vegetation  or  bare  rocks.  The  ascent 
on  the  second  day  was  over  snow  and  ice, 
and  more  difficult:  at  four  o'clock  in  the  after- 
noon of  the  same  day,  Saussure  and  his  at-* 
tendants  pitched  their  tent  on  the  second  of 
the  three  great  plains  of  snow  which  they  had 
to  traverse.  Here  they  passed  the  night  four- 
teen hundred  and  fifty-five  toises  (or  three 
thousand  one  hundred  yards)  above  the  level 
of  the  sea,  and  ninety  toises  higher  than  the 
Peak  of  Teneriffe,  The  barometer  stood  at 
seventeen  inches.  The  next  morning  they  pro- 
ceeded with  much  difficulty  and  fatigue,  aris- 
ing principally  from  the  extreme  rarity  of  the 

atmosphere, 
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^tiposphere^  vhich  affected  their  respiration. 
The  upper  parts  of  JVJont  Bianc  are  above  th^ 
iimit$  of  perpetjLial  snow,  and  it  is  only  on  th^ 
isides  of  the  nearly  perpendicular  peaks  and 
escarpments  that  the  bare  rock  is  visible.  They 
g^jned  the  summit  by  eleven  o'clock  A-  M- 
*'  f  rpm  this  elevs^t^ed  observatory/'  says  Sausr 
31^6,  ^'  I  could  take  i^  at  one  view^  without 
phjstnging  my  phice,  thfe  whole  of  the  grand 
phenomenon  of  these  mountains,  namely,  the 
p9fsition  and  arrangement  of  the  beds  of  which 
they  are  composed,  \yherever  I  turned  my 
^jQs^  the  beds  of  rock  in  the  chains  of  3a- 
^ppdary  mountains,  and  even  in  the  primary 
mopntains  of  the  second  order,  rise  toward 
IVfont  Blanc  and  the  lofty  summits  in  its  neigh- 
bourhood :  the  escarpments  of  these  b^ds  of 
TQck  were  all  facing  Mont  Blanc;  but  beyond 
these  chains  were  others  whose  escarpments 
were  turned  in  a  contrary  direction.  Notwith*- 
$)4^ding  the  irregularity  in  thp  forms  and  th^ 
^istHbution  of  (he  great  masses  that  sqrround 
J^ont  Blanc,  and  those  which  constitute  th^ 
i)f)pi|ptain  itself,  I  could  trace  some  featur^^pf 
T#6j9fnblanc9  no);  less  certain  than  importsgftt^ 
AU  the  ma^se^  which  I  could  see  w^re  poqpL- 
poged  of  wrti^l  plates  {ffivillets\  «n4  the 

greater 
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greater  part  of  these  plates  were  ranged  ui 
the  same  direction,  from  north-east  to  south* 
west.  I  had  particular  pleasure  in  observing 
the  same  structure  in  the  lofty  peak  of  gra-r 
nite  called  the  Col  du  Midh  which  I  had 
formerly  endeavoured,  but  in  vain,  to  ap^ 
proach,  being  prevented  by  inaccessible  walls 
of  granite.  After  the  second  day's  ascent, 
this  lofty  pinnacle  was  beneath  me ;  and  I 
fully  convinced  myself  that  it  is  entirely 
composed  of  magnificent  plates  {lames)  of 
granite,  perpendicular  to  the  horizon  ancl| 
ranging  from  east  to  west.  I  had  formevly 
been  induced  to  believe  that  these  rJlates 
were  folded  round  the  peak  like  the  leaves 
of  an  artichoke ;  but  this  was  an  op'cical  iili>. 
aion,  when  seen  imperfectly  from  below: 
here,  where  the  eye  could  as  it  were  dart 
down  into  the  interior  8tructui>e  of  the  moun- 
tain, the  plates  of  rock  appeared  regularly 
parallel  in  a  direct  line.  I  was  also/'  b^jb 
Saussure,  '^  particularly  desirous  of  ascertain^ 
ing  whether  the  vertical  beds  were  composed 
of  the  same  substances  at  their  summits  as 
at  their  bases^  where  I  had  so  frequently  in- 
spected them ;  and  I  am  perfectly  satisfied 
from  actual  examination,  that  they  preserve 
the  same  nature  through  their  whole  extent^ 

and 
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and  are  the  same  at  the  summit  as  below  *.** 
Voyages  dans  les  AlpeSj  torn.  4. 

The  inference  drawn  by  Saussure,  respect- 
ing the  vertical  position  of  the  beds  of  granite 
that  compose  a  principal  part  of  Mont  Blanc 
and  the  adjoining  mountains,  is,  that  they- 
were  originally  horizontal,  and  have  been  sub- 
sequently elevated  by  some  tremendous  con* 
vulsion  of  nature.  The  summit  of  Mont  Blanc, 
he  savs,  must  at  one  time  have  been  more 
than  two  leagues  under  the  surface.  To  the 
jsame  convulsion  he  also  attributes  the  position 
of  the  escarpments  or  steep  sides  of  the  rocks^ 
which  face  Mont  Blanc  for  a  considerable  ex- 
tent, i:nd  then  turn  from  it  in  an  opposite  di- 
rection. This  would  be  the  case  had  the  sur- 
face of  the  globe  been  broken  and  elevated- 
in  the  manner  he  supposes.  It  may  perhaps 
be  doubted  whether  the  vertical  position  of 
the  beds  of  rock  be  not  the  effect  of  cry- 
stallization on  a  grand  scale.  There  is  a 
circumstance,  however,  stated  by  Saussure,' 
which  tends  strongly  to  confirm,  if  not  abso- 
lutely to  prove,  the  truth  of  his  hypothesis.' 


♦  The  extreme  fatigue  and  exhaustion  which  Saussure 
experienced  during  the  ascent  of  Mont  Blanc  is  supposed 
to  have  abridged  the  life  of  this  active  and  intelligent  phi- 
loeopher. 

Some 
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Some  of  the  vertical  beds  of  rock  covering 
the  granite,  contain  round  pebbles,  boulders, 
find  Mateirworn  pieces  of  the  lower  rocks.  It 
is  impossible  to  conceive  that  those  rounded^ 
fragments  could  have  been  placed  in  a  vertical 
position ;  for,  if  they  be  really  pebbles  and 
boulders,  the  beds  on  which  they  occur  must 
originally  have  been  nearly  horizontal.  Now 
as  these  beds  are  at  present  placed  between 
others  which  are  also  vertical  and  in  the  same 
range,  it  follows  that  the  whole  have  been 
overturned  and  thrown  up  at  a  period  subse- 
quent to  their  formation*. 
•  Gneiss,  micaceous  schist,  and  other  slate 
rocks  rest  upon  the  sides  of  Mont  Blanc,  and 
on  the  lower  declivities  of  the  mountain  are 
vast  masses  of  limestone. 

Many  of  the  mountains  in  the  extensive 

*  An  opinion  has  lately  been  advanced,  that  the  rounded 
pebbles  which  occur  in  rocks  are  not  really  waterworn  frag- 
ments, but  original  pai'ts  of  the  rock :  but  Saussure  says 
expressly,  that  the  boulders  in  the  rocks  near  Mont  Blanc 
are  precisely  similar  to  the  boulders  on  the  shores  of 
the  lake  of  Geneva.  That  rocks  sometimes  include  pieces 
of  different  kinds  of  stone,  which  in  fact  are  original  parts 
of  the  rock,  cannot  be  doubted ;  but  in  such  cases  tiiere 
appears-  a  gradual  transition,  from  the  substance  of  the 
rock  into  the  stone  which  appears  imbedded. 

range 
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range  of  the  Andes  in  South  America  rise 
much  higher  than  Mont  Blanc ;  but  granite 
has  not  been  found  there  in  a  greater  eleva* 
tion  than  eleven  thousand  five  hundred  feet» 
an  elevation  exceeded  by  many  of  the  gra« 
nite  mountains  in  Europe.  The  range  of  the 
Andes  is  the  seat  of  active  volcanic  fires, 
\¥hich  appear  to  have  covered  the  primary 
mountains  with  an  immense  mass  of  matter 
ejected  by  anlient  and  recent  eruptions.  In 
Mexico  and  New  Spain  also  the  granite  ap« 
pears  to  be  nearly  covered  by  basalt,  por* 
phyry,  and  lava,  ejected  from  the  nume*. 
rous  volcanoes  which  now  exist*  or  have  ex- 
isted, in  those  countries. 

To  this  accumulation  of  volcanic  matter 
the  mountains  in  South  America  owe  their  su- 
perior elevation.  Chimborasso  and  Cayambo 
are  the  highest  mountains  in  the  world, — the 
former  rises  twenty-one  thousand  four  hun* 
dred  and  forty  feet, — but  their  summits  are 
vast  cones  composed  of  volcanic  productions 
covered  with  snow.  Chimborasso  is  one  mile 
and  one  hundred  and  sixty  yards  higher  than 
Mont  Blanc.  The  general  arrangement  of 
the  Andes  consists,  according  to  Humboldt, 
of  granite,  gneiss,  mica,  and  clay  slate,  as  in 

the 
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the  Alps ;  but  on  these  are  frequently  laid 
porphyry  and  basalt,  **  arranged  in  the  form 
of  regular  and  immenee  columns,  which  strike 
the  eye  of  the  traveller  like  the  ruins  of  enor-* 
mons  castles  lifted  into  the  sky" 

Id  the  eastern  parts  of  the  United  States, 
aad  in  Canada,  granite  is  seen  near  the  sur-*- 
face  uncovered  by  other  rocks,  and  does  not 
rise  to  any  great  elevation.  The  constant 
occurrence  of  granite  at  a  lower  level  in  Ame- 
rica than  in  Europe,  is  a  remarkable  geolo-* 
gical  fact.  In  Europe  the  principal  moun- 
tain ranges  are  granite ;  as  in  Scandinavia, 
the  Alps,  the  Pyrennees,  and  the  Carpatlnan 
mountains.  In  Asia,  granite  forms  a  consi- 
derable part  of  the  Uralian  and  Altaic  range 
of  mountains,  and  it  appears  to  compose  the 
principal  mountains  that  have  been  examined 
in  Africa. 

Granite  contains  few  beds  of  other  kinds  of 
rock,  nor  is  it  so  rich  in  metallic  ores  as  gneiss 
and  micaceous  schist  Veins  of  tin  most  com* 
monly  occur  in  granite,  and  tinstone  is  in 
aome  situations  disseminated  through  it.  Cry-^ 
slala  of  schorl,  topaz,  and  garnet  are  some- 
times found  in  this  rock,  and  another  mineral 
before  described  by  the  name  of  hornblende 

is 
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is  also  common  in  some  kinds  of  granite,  as 
in  that  which  forms  the  summit  of  Mont 
Blaiic  The  German  geologists  will  not  allow 
the  name  of  granite  to  those  rocks  in  which 
hornblende  occurs  J  but  where  the  three  in- 
gredients of  granite  constitute  the  principal 
part  of  the  mass,  there  appears  to  be  no  rea- 
son for  the  objection.  And  surely  if  any  gra- 
nite has  the  title  to  primary,  it  is  that  of 
Mont  Blanc  and  the  mountains  in  its  vici- 
nity :  but  from  the  description  of  it  given  by 
Saussuro,  and  from  specimens  which  have 
lately  been  sent  me  from  thence,  I  am  con- 
vinced  that,  were  we  to  be  guided  by  the 
theoretical  distinctions  of  some  geologists,  we 
iBUSt  cease  to  consider  those  mountains  as 
primary,  from  the  admixture  of  talc,  chlorite, 
and  hornblende  which  occurs  in  the  granile 
of  the  highest  alps. 

Granite  is  sometimes  met  with  not  under  the 
slate  rocks,  but  resting  upon  them  in  an  un- 
conformable position.  This  granite  has  been 
called  secondary.  It  appears  allied  to  the 
rocks  of  basaltic  conformation,  and  is  said  to 
have  been  recently  found  over  coal.  Secon- 
dary granite,  sienite,  and  some  kinds  of  por- 
phyry are,  I  believe,  essentially  the  same,  <^a- 

rying 
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rying  only  by  the  accidental  admixtures  of 
hornblende,  and  by  ciTcumstances  which  have 
disposed  them  to  be  more  or  less  crystalline*. 
Secondary  granite,  as  it  is  called,  does  not 
possess  any  well  marked  characters  by  which 
it  can  be  distinguished  from  primary,  if  the 
description  given  of  both  by  some  geologists 
be  correct* 

SECONDARY  GRANITE.  PRIMARY  GRANITE. 

1  Felspar  commonly  a  deep  red.    1  Sometimes  red. 

2  Contains  garnets.  2  Contains  garnets. 

3  Notporphyritic;  but  accord-  3  Is  sometimes  porph}Titic« 

ing  to  Prof.  Jamieson,  it 
is  sometimes  porphyritic. 

The  Utility  of  such  vague  distinctions  is 
not  very  apparent. 

Granite  sometimes  forms  veins  shooting  up 
into  the  superincumbent  rocks :  this  is  a  fact 
of  some  geological  importance,  as  it  seems 
clearly  to  indicate,  either  that  the  granite 
has   been  in  a  state   of  fusion,   the  heat   of 

I     I     ■    ■  ■  ■  I     ■      ■■  I  ■■■■II  I  II  , I  ,    m 

*  According  to  Brongniart,  also,  granite,  sienite,  and 
porphyry,  are  frequently  observed  graduating  into  each 
other  in  some  parts  of  France,  and  he  forms  tliis  conclu- 
sion :  '*  En  {itudiant  les  gi'anites  d'un  grand  nombre  de  pays 
pour  tacher  de  distinguer  clairement  les  anciens  granites 
des  nouveaux,  on  trouve  presquc  peu  de  pays  graiiiitiques 
qu'on  puisse  rapporter  avec  certitude  k  cette  ancienne  ct 
primitive  formation  des  granites.*'  Journal  des  Miriej^ 
Mars  1814. 

ivhich 
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ivhich  has  softened  and  rent  the  upper  rocks, 
and  forced  up  the  granite  in  a  melted  state 
into  these  fissures ;  or  else  that  the  graDite 
and  the  rocks  resting  immediately  upon  it 
were  both  in  a  fluid  state  at  the  same  tirae^ 
«nd  are  cotemporaneous.     A  remarkable  in- 
stance of  granitic  veins  in  argillaceous  sch9Stu9 
at  Touschole   in  Cornwall,   is  described  in 
Dr,  Thomson's  Annals  of  Philosophy,  May, 
1814.    "  The  schistus  is  of  a  grayish  colour, 
father  hard,  but  breaks  in  large  fragments  ii¥ 
the  direction  of  the  strata.  The  granite  is  of 
a  fine  grain,  and  the  felspar  is  of  a  light  flesh 
colour,  and  contains  but  a  small  portion  of 
mica.     At  the  junction  numerous  veins  of 
granite  may  be  traced  from  the  rock  of  gra- 
nite  into  the   schift.     Some  of  these  veins 
may  be  observed  upwards  of  fifty  yards,  till 
fhey  arc  lost  in  the  sea ;  and  in  point  of  si^e, 
vary  from  a  foot  and  a  half  to  less  than  an 
inch.     It  may  deserve  notice^  that,  as   the 
felspar  is  of  a  flesh  colour,  it  is  impossible  for 
any  observer  to  consider  them  as  quartz  veins: 
one  of  these  large  veins  is  dislocated,  and 
heaved  several  feet  by  a  cross  course.  Quartz 
and  fragments  of  schistus  having  the  appear-* 
ancc  of  veins  are  found  in  the  granite  veins. 

At 
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At  one  place  there  is  a  very  curious  and  sati»- 
fiictory  pbasnomenoiu  One  of  these  veins  of 
gr^te^  after  proceeding'  vertically  some  di- 
stance, suddenly  forms  an  angle,  and  con- 
tinues in  a  direction  nearly  horizontal  for  se^ 
reral  feet,  with  schistus  both  above  and  be- 
low it.  This  appearance  most  completely 
destroys  one  of  the  theories  suggested  for 
the  explanation  of  similar  veins  at  St.  Mi- 
chael's Mount,  viz.  that  a  ridge  of  projecting 
granite  had  been  left,  and  clay  slate  depo- 
sited afterwards  on  its  sides/' 

The  parts  of  England  and  Wales  where 
granite  and  granitic  rocks  occur,  are  Corn- 
wall, Devonshire,  North  Wales,  Anglesea,  the 
Malvern  hills  in  Worcestershire,  Chamwood 
forest  in  Leicestershire,  and  in  Cumberland 
and  Westmoreland.  The  granite  near  Shap 
in  Westmoreland  is  porphyritic,  containing 
large  crystals  of  red  felspar.  There  are 
rolled  masses  of  granite  on  the  banks  of  Uls^ 
water  resembling  the  granite  of  some  parts 
of  Cornwall,  and  of  the  Wicklaw  mountains 
in  Ireland,  but  more  highly  crystalline  than 
the  latter.  The  felspar  is  in  large  white  and 
reddish  white  crystals.  The  mica  is  a  blackish 
green,  and  on  the  outer  parts  decomposed. 

There 
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There  is  no  aimilar  rock  iu  the  vicintt^iknowfi 
in  Htu.  Itha:$  all  the  dmnacters  givei^ibj^Ai*- 
>neralogij»tA  to  primary  graQite,,  I  an)  if^cjmifl 
to  believe  that  the  same  form^tioo  of  gniwte 
¥i|hich  just  maizes  its  appeamnc^on  thewesti^ryi 
6ide  of.  South  Britain  is  coa^tinued .  Mndfi^^illiie 
Iri^h Channel;  or  if  broken  there,  it^risesiag^in 
in  the  Isle  of  Man,  and  in  the  counties  of  Dub- 
lin^nd  Wicklow  in  Ireland.  Blocks  o&^fg;^^- 
jnite  are  found  in  the  beds  of  some  of ( ^^  ri« 
vers  in  the  north-west  part  of,  Yorkshire^iand 
in  clay-pits  in  Lancashire  and  Cheshire,  at  a 
great  distance  from  any  granite  mountains. 
Most  of  the  granitic  rocks  on  Charnwood  fo- 
reist  are  of  that  kind  denominated  sienili3« 

The  rocks  which  are  most  nearly, allied  to 
granite,  and  are  frequently  incumbent  on  it 
in  a  conformable  position,  are  gneiss,  and 
micaceous  schist,  or  mica  slate. 

Gneiss  may  be  considered  as  a  kind  of 
slaty  granite,  in  which  the  constituent  parts 
appear  compressed  and  disposed  in  layers. 
Mica  is  more  abundant,  and  there  is  less  fel- 
spar in  this  rock  than  in  common  granite. 
The  mica  is  generally  black,  and  the  felspar 
white  or  gray,  and  yellowish  white.  Sonte 
varieties  approach  nearly  to  the  structure '^of 

granites : 


GNBI8S.  ^  £1 

granites :  others,  in  which  the  mica  is  more 
abundantly  and  intimately  blended,  are  more 
|ierfectly  slaty.  It  is  sometimes  waved.  This 
rock  has  been  represented  as  stratified.  Icon* 
ceive,  by  a  mistake  in  confounding  the  stra* 
tified  with  the  slaty  structure,  the  latter  is  oc- 
casioned by  the  quantity  of  mica  and  some- 
times of  talc  which  it  contains,  and  is  the 
effect  of  crystallization*. 

Beds  of  crystalline  lime-stone,  and  of  horn- 
Uende.rock,  occur  in  gneiss.  It  contains 
most  of  the  metallic  ores,  both  in  veins  and 
.beds.  Crystals  called  garnets  are  frequently 
interspersed  in  gneiss,  but  are  more  common 
in  micaceous  schist,  which  is  nearly  allied  to 
this  rock. 

The  declivities  of  granite  mountains  are 
covered  by  rocks  of  gneiss  in  many  parts  of 
the  world.  It  constitutes  the  principal  rock- 
formation  in  a  considerable  part  of  Sweden. 
It  occurs  in  Scotland  and  Ireland,  but  is 
scarcely  known  in  any  part  of  England  or 

*  The  partings  or  divisions  in  rocks;  which  may  pro- 
ptrly  be  denominated  rents,  are  distinct  from  those  which 
an  the  effect  of  crystallization,  and  may  be  distinguished 
hj  their  irregularity,  roughness,  and  the  indeterminate 
mamier  in  which  they  intersect  the  stone. 

u  Wales. 
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Waks.  An  imperfectly  fprraed  gneias  wps 
observed  by  Mr.  Horner  on  the  Malv)^rn 
hilb.  I  have  also  seen  gneiss  brought. if p 
from  the  mines  of  Cumberland^  in  all  jMnp- 
bability  part  of  the  wall  of  a  .vi^in*  lijloufi- 
tains  of  gneiss  are  not  so  steep  and  brpken^ 
those  of  granite^  and  the  summits  are  gena« 
rally  rounded. 

The  name  is  borrowed  from  the  German; 
and,  according  to  Mr.  Jameson,  was  applied 
by  the  miners  in  the  vicinity  of  Freybergh  to 
the  decomposed  stone  that  forms  the  walls  of 
the  mine.  Werner  first  ascertained  the  gnebs, 
and  introduced  the  name  into  geological  d^ 
ikcription.  Saussure  calls  this  rock  ^'  le  graoit 
vein^/'     {Voyage  dans  les  Alpes.) 

Mica-state  or  Micaceous  schistus  is  fre- 
quently incumbent  on  gneiss  or  granite,  and 
Covered  by  comnK)n  slate :  it  passes  by  gra- 
dation into  both  these  rocks, — ^the  coarser 
grained  resembling  gneiss,  and  the  finer  kind, 
by  insensible  transition,  becoming  clay*slate« 

Mica-slate  is  essentially  composed  of  mica 
And  quartz  intimately  combined;  the  felspar, 
which  is  a  principal  constituent  part  of  gra- 
nite and  gneiss,  occurs  only  occasionally  in 
irregular  masses  in  this  rock.     The  colour  of 

mica-slate 
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mica-slate  is  generally  a  light  gray,  inclining 
sbttifetimes  to  green  or  yellow;  the  finer  kinds 
'  have  a  pearly  lustre ; — in  the  coarser  kind  the 
laminae  of  mica  are  more  distinct  and  splen<« 
dent.  Crystals  of  garnet  are  frequently  di's- 
'seminated  in  mica*slate :  it  contains  occa- 
•ionally  crystals  of  other  minerals.  It  has  a 
slaty  structure,  and  is  often  waved  and  con-^ 
totted,  and  divided  by  thin  laminae  of  quartz. 
If  i9i6metimes  contains  beds  and  laminae  of  cry- 
ttalline  lime-stone,  or  is  intermixed  with  ser- 
pentine. Mica-slate  also  frequently  contains 
beds  and  veins  of  metallic  ores.  The  grada* 
tion  of  mica-slate  into  gneiss  and  clay-slate, 
and  the  transition  from  granite  to  mica-slate, 
may  be  distinctly  seen  in  some  of  the  rocks 
near  Bray,  in  the  county  of  Wicklow,  in  Ire- 
land. I  have  observed  that  the  beds  of  mica^ 
slate  adjoining  the  granite  are  traversed  by 
numerous  arid  large  seams  of  quartz  running 
parallel  with  the  slaty  structure  of  the  rock, 
and  increasing  in  size  as  they  approach  the 
granite.  The  quartz  has  a  greasy  aspect,  and 
is  evideittly  of  cotemporaneous  formation  ^vith 
the  mica-slate  and  granite. 
'  Mica-slate  has  a  near  affinity  to  clay-slate; 
Mid  as  I  have  arranged  the  latter  with  rocks 

c;  2  of 


wbethty  mkairsktei  should  »iu^tfilM'ii9t»^befilt 
traosfefred  tx^itbeitemfi  diss^  Scmie  necesi 
«biar9atkin3oraederat  piob^fade  tJiat  inot  cm])! 
cfaijj^t6$  but  wkatriii  cidled  gray  ^ackti  tlh 
(mniobMiBMaetimes  80^*  neat;  tb  the  ^sHtj^cOff 
n^eiiiisfaite^vtiiat  it  bteonefr  dsfllAilt  tdidotegDr 
irimoiiKiih  which  rock  itshcHildihridafliiedfjrnBr' 
this  is  the  case  with  some  of  tba^racks/in£!!Hq> 
waUioiibrnieriy.  clashed  with  itnicarHiatfiincNo 
iidlkidunraoterizedjmcks  of  niiaa^sliR4^#filfi|ft 
eitoakiOccQi^m.  Efii^^aod^  <;jrj  ha?e  obMtmflm 
mbc^bo€snmr9sk$w)mhv^^  b6>conaMbif^A$ 
fUDinpckfeet  kind  of  imnrblfM^riiieM^hA^g^ 
nliiDTedkii  a£Moonfe  Soiii!'iiitti>lli»|{  it  i¥fsar<$ftf 
Teitod  ii(pwiM3d^riprbi»h^^oiiowle(iiAtoj^ 
mhA  f^otber  joiocka. .  Qn  4heni^c»tara;  sid^afff 
ikagkB«^7Beaf.>Ifolyhead^vtli^iP(9  are  ittiiQfmlM 
tol»k$b^«i>4Dtennediaie  iiixKlibetwe^i  micf^ 

paratedjbjucwyithiii^seims  oSl^^ixm  itWi(i| 
itoiradbiaiiMd  someaf  tfa^oiibf  iM(.«iidcwitiMct« 
ad  liimifitiHMidirr^liiMiia^  >a«Mit)at}  iinlr^«|XMft% 
Abfc^case  jiiiitk  iracahdateiinYO(tbet.di«tiii«iteirjh 
:^>i}lie  iincs>^f^tei*im  lfaei>oppoatte:»^Qfnpt3i^ 
•irelaBdv^nedTiiBa^  J.  antiiielipedr  tcKioepQsifkr 
a5  of  the  «ame  formation  with;ldwt  iiiiiAA^ 

glesea. 


gi«8«a.  Prdbably  tWia  rock  streteliM  nnder 
ftolrish  <^lMnne(^  dfl\diich  it  may  form  tb« 
iMMbki  tharparaliij  of  lfia:itttcle.  The  struc- 
tdlttP  d^  iAM^  rocks  isi  the'  same,  presenting 
the  sam(^^ivisiem9  bjrthin  lamina  of  quartz; 
bet  th6'«iica)of  Anglesea  is  more  combined 
with  talc.  'Mioa^slate  abounds  in  the  HExgb4 
lands  of  Scotland,  and  in  many  alpine  di* 
sCrictft  ii»<£Qrope. 

Gneiss?  «nd  midsuslate  are  nearly  allied  to 
each  othte^  and ' tO'  *  graiiile.  Circumstances 
attending  the  formation  of  'granite  appear  to 
baFeproduced^til  different  airaagimient  of  the 
deuptfkient  ingredients.  This  is  the  more 
]MbttMe,  as  both  gneiss  and  mica-slate  some- 
tiaitoj^radaate  into  granite,  and  have  at  other 
time^^a  porphy ritic  structure.  In  some  situ- 
ations the  causes  inrhich  change  granite  into 
gneiss  or  mica-slate  have  not  operated,  and 
we  find  neither  of  these  substances  separating ' 
gMUke  from  the  rocks  of  the  next  class. 

Mica  is  sometimes  so  much  intermixt  T¥ith 
common  sand-stones  that  they  can  scarcely  be 
distinguished  from  mica-slate.  Talc  supplies 
the  place  of  mica  in  some  granitic  rocks ; 
these  are  softer  than  compound  rocks  con- 
taining mica. 

It 
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A 'It  may. not  be  undeserving  notice  toit^tate 
thpt  in*  the  Ttcinity  of  Woburn^  in  BcdfonU 
Abev  I  have  ohaerved  stones  by  the  roadJade 
iN^Mohiiad  a  near  resemblance  to  talcQus^sktto; 
bptb^ioicoloar  and  structure)  bu»t'WBiMi(imiob 
floiteiu ;i>HHd  this  stone  any  consectioo  wil^ 
tl»iuHei^6y earth  in  that  neigh bourbood^  8 
»db^iice^  M^liiiiih  is  allied  to  talcoua  aUmes?  : 

;.  The  mineral  substancetj  imbedded  j  iii6  pn^ 
mkr^  rooks<:  of  8uffi<»nt  magnitude  taufprnl 
mountain .  masaes^ ;  are  ■.  cryMaUine  Iim^atonei 
serpentine^ » and Jnornblende*  >  >  mmi*     :^ 

nCrj^taiUnk  lunt^tnnt. — The  taost  remarks 
adbfo  of  'theae  ^nttordinate  lockfl  is  crjratai&ie 
limenstone^  <  mj  lit  b  principaUy  \  composeMi  i  rof : 
caloaoeoust  earthy.'  which  scarcely  exists  >asia 
component  part  of  granite,  gneiacy  •  or  siica*- 
slate*  No  oi^anic  remains  ave  found. ia  the* 
crystalline  Ume-itone :  in  primary  mouniaina. 
the  structure  is  granular,  the  white  vartnty 
known  as  atatuary  marble  xesembles  fine  loaf 
sugar,  and>3S  imperfectly  tramlncent;  iieGice 
it  has  been  ealted  by  the  French  cktmx  car^ 
b&nattS  taccaroidex  The  colour  of  ^primary 
linse^tone  is  soratttimes  yellowish,  greenish^ 
or'  inclkwig  to.  red**  From  i  a  mixture^) ^ 
mica  it  hasioften  a  slaty  fracture  and  divides^ 

in 
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io  platesy  from  which  circumstance  it  has 

heen  (doocnbed  as  ist {Ratified,  a  term  not  ap^ 

|ilicable  to  rocks  that  are  granular  and  purely^ 

crystaUine/    It   may   be   further  deservung' 

natiosi  that  the  primary  lime-stone  or  statuivyt 

nurble  frequently   contains  a  considerable 

quantity  of  siliceous  earth,  t6  which  it  owes 

its  hardaess  ami  durability^     White  cry  stills 

line. statuary  marble   occurs  in  the  Isdt  of 

Skyv^  •  one  of  the  Hebrides,  and  ^  many  rocks 

o^ fiery stfldline  marble  intermixed  with  micat 

slate  and  serpentine,  are  found  in  different 

paktS'of  Scotland.     Neither  iil  England  nor 

^Nafies^imve  any  rocks  of  lune-stone   been 

ftmnd' which  possess  the  crystalline  translut 

08iEtqua{kie»of  statuary  marble,  though  very 

beautiful  marbles  occur  which  will  receive! a 

high  polish;  these  belong  to  the  lime-stone 

whick  will   be  described  in   the   following 

chapter. 

White  marble  is  procured  from  Italy,  Swifc- 
zedand,  and  the  Grsedan  Archipelago.  Pri* 
mary  lime-stone  exists  in  beds  of  greater  or 
less* magnitude,  which  are  sometimes  so  thick 
as  i  to  .form  entire  mountaias.  It  was  once 
supposed  that  all  calcareous  rocks  and  strata 
are  composed  of  the  shells  of  marine  animalsj 

and 
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Mid  itcftnfioti]ie  i[lMbied>tha«irtfi9^^ 

are  entirely' foritted  of  these  Ofganic^^rdinaiiiii: 

but  in  the>be«bof  primmy^limeiMteneJa^ 

^•MeiY  in  8on\etof  the  secondfarfdime^toiiesilifo 

irM(9g€isi iof  !Mch  vemiiiiiis  oelnindi^tonittynbe 

fiftid  •  thiiti  the  •  proicefie  hy  whitii  /piimaiyi  lime 

vs^^ffitB\\iti& destroy eAttAl  itmoea  qf:ioi^^ 

i|f2at|o^>  and  thouj^  h  would  %e^iitifKM8ible 

t6  di^jlf  ov(d^  this,  I  yet  there  i»:im  vessoni  to  ^  be- 

lie^e  ^th^^liffie  may  not  exist  ias  atii^elethteil* 

Mfr3r>eartt^:/^hk6  'siitgx  or  atamine^'iiidepeiniaiit 

^f^%h«>«^mti<m^  of  nmmalf  lifei  ''  it  diie»)«> 

^)$t£ii»|^ii#  st'^oiiii^poii^  of  immy'imiteMlit 

'lMt4t»isybtiVe  exited  in  sufSeient  t;aaantitl^ 

bilks' f0Htf^tb»>  iMMMftaiiis  of  pmnflpy  linMl-stoite. 

It  is  however  a  cQlfAbd4>iyt  tlwliDttbted>6uM^ 

tHa^>m  i¥K»hsideiraMe^>ponioii  ofctheiedhh's 

Q^fAtt^tft^  \i^en  formed  ^  by  orjgaaio  Becredoo, 

eiM«li«i^)Mce!9s:is:dlill  gotwg  on  rapidly^mid 

'««t(^ivdy'  in  the  SiDuthem  ooeani    Aooocd- 

i%  *■  Vo  ttito  Ab0^lpralioDini)f  Toy agens^  i  isliihds 

"4iMdii^e6  of^tdraft  rocks  sr^  rsisedriraitDnraat 

veteptbi  4wi dli%9  nboifhie!  of  a^ ifeW)  ytars. '  )iTiii», 

^i^Momi^of^  ^hiQlJorimarine  'polypi  tare^^i prni- 

fjdtitig^^ttttvabocbs^ for  other  classes  <  off ;aiii- 

flfiad^o^rlitrgar  size,^  aiid  living  r  in  anbtber 

«iteHieilt.^fiFfOinnwhenGOHfio  these  :)Uiniiine- 

'^^  rable 


« 


bHi0c(tb«t)'m(it«tmtfatar<8m^!{K>r4j^  nm- 
1  ,*^DMitteiVT ' formtn  the  i  solad^  i  coitenng '  <  b^ 
hicbotbe3rrtanrrt|Mroteoted|9  -Hav^ivthayi  tiie 
^^fovmriofisepanilaQg^kfiioiB  odner  oubatauMW, 
*  )orr  the  Bliih  mcn*^  6xt  rMi^fltacy^  faqiii  t^/ 0^^ 

olriffiUMfdttr  4iB  WH»fe  probable}  iim;tb«t>p«^fi 

-irtfaotBabk  ^  de|)tbfl  baii^^(«M9  .pp^^er  of  4Mi(t- 
JOMfelMqiShfebeir  gnoiivtb^is/mpidyi  f(i\cj|  tbe>()iuiH 
ctatji^titf  rtlc^pedub:fro«itterotb^yfpr^4MCQUi|(#i 
^dmrtiflpaatiiQf  time^ctintaewo^obQ^ai^pQW^ 
"^cooft  jia  $l(erfwater»>o£  the  xm^ cK^^tPiw^ffb 

>.'filit^i^ri]oir>  a&certeinedi ^tbtit  bm?r  afid)6^ 
hskblineUilltir  l^iafie^  i^d'the^ibia^MUk^ti^ 

femofainbik)  tint  tim  uetdlife^TbasfiM  ofo'idlhfehe 
raUdaTies  ami  laUtaliiie  eai^jiijikJfc  hw^Vriimi^ 
|m9peTfeiesf:fa!oQnuiioDvimi^         aanaofMnAie 

•BIBnpDattdslof  rbjIcbQgltll:'^^  B2lH»ilh\JAii^A§lf' 

iMbdgrficainbiinedu  [Now.ifc  is  ^vdyi-rktiowH' 'ibftt 
*i(-t^-  ary 
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Bvy  constituent  parts  of  almost  all  amhali 
substances,  may  be  derived  from  wate^'SMi' 
the  atmosph^re^'iand  l9bo(udd>  the  oompooMl'' 
nature  of  tiie  tnetallic^  bases  o£  -  the  earths  be 
atoer tamed,  the  formatioD  of  lime  by  animaL 
secretiDn.will  admit  of  an  easy  explanation,  ii 
^^T'he)  beautiful  rock  called  serpentine  de^ 
ri\)es  <iGs  aaBftefrom  its  variegated  colours  and 
spots -supposed  tOi  resemble  tbe  serpent's  skin ; : 
ifif' chemical; composition  has  been  before  dei*- 
soiibed;  ^  rThe>  colours  are  most  generalfy  Tari»> 
cus  diades  of  light  and  dark  gnden^  itvhtcb 
aw  mtermtxt  in  spots  and   clouds ;.)  some^ 
varieties  are  red;;     When  fresh  broken  it  hm 
some  degree^qf  ivstre,  and  a  sli^tly  unoiu* 
ous  feel;  when  pounded  the  ipowder*  &elii 
soapy«r    It  is  harder  than  lime-»stoney  ^  but 
yields  to  the  point  of  a  knife,  and  wtlLreeeive 
a  very,  higb  polish.  When  serpentine  is  found 
intermixt  with  patches  of  crystalline  white 
mpMrbleyr  it  constitutes  a  stone  denominated 
verde-aildque^  which  is  highly  valued  ibr 
orhamenta!  sculpture.    Some  varieties  of  ser- 
pentine are  translucent,  in  others  there  is  an 
appearance  of -crystallization  forming  9.  mine^ 
ral  called  schiller-spar.     The  minerals  associH 
tMd  with  serpentine  are  generally  those  allied 

to 
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tt>.<tak^  ;S6rpeiitine  is  v^ry  nearly  allied  t<y 
fatoffBbleiide,  and  compound;  rocks  in  wbidb-' 
falMnblende  is  a  ip(redominating>  ingredient 
are  well  knovrn*  to  graduate  into  serpentina 
The  ;0ofter  serpeAtines  appear  to  beifiMcmed 
of  iiD>  intimate  wioteraiixture  of  hornblende j 
wiidi  talc  ov\  chlorite;  ablate  analysis  of  one 
kiod  of)* serpentine^  gave'  as'  much  as  48  per 
ceaLi  of  magnesia^*  This  rock  is  foand  in 
beds  in 'gneks  and  slate  rocks,  and  sometitee^ 
covers /them:  eccording  to  Brongniart  theie 
iai'ini  /the-  Higher.  Palatinate  a  mountain  'Oif 
ndagnetic !  serpentine,  in  which  there  is  no* 
inatce  of  magnetic  iron-stone.) 
-(Serpentine  fi^rms  the  upper  ipart  of  Moot ; 
R169O9  one  of  >  the  highest  mountains  in  Swit-^ 
sseirknd,  and  is  found  in  many  Alpine  districts 
InvEoropey  but;  according  to  Pa1:nn  theMia 

i>j"  » .  •>.  •  •  f      .         '  ,  •  r  '    .         :   -I-*'?    '. 

'*  A  species  of  serpentine  has  been  <)iscovered  in  thie 
Pyt^^e^,  formed  by  a  combkiatioft  of  talb  witli*tfi^ 
minfral  which  Hafiy  denominates  pyroxene -(the  .augit^ 
of.Jty^nw.)  Th^  latter  mineral  is  i^,c^lyat|l)e4,tp- bom- 
blende  both  in  its  chemical  composition  and  its  physical 
quialities,  tliat  Ithey  ought  perhaps  to  be  classea  as  varieties 
of  tfe  same  eipfecfes,  as  Ihfeyidifltr  ^Alftty'didr^'^thin  ** 
piinuDpy^  forms  o£. the  crystals.   .:  t.  ./.;;;.:.  f./        \r^ 

na 
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HO  serjpentine  in  Northern  Asia,  nor  was  it 
efaseired  by  Humboldt  in  the  Andeft.  In 
the  Alps  it  i\  observed  that  the  rocks  of  ser- 
pentine lie  principally  on  that  side  which  faces 
Italy  and  the  coast  of  Genoa.  There  is  a  sofit 
kind  of  serpentine,  sufficiently  tenacious  to 
be  turned  into  vessels  of  any  shape,  which 
resist  the  action  of  fire ;  hence  they  are  used 
fcr  fculinary  and  other  purposes  in  some  parts 
bf  Switzerland,  iri  Lombardy,  and  even  in 
Higher  Egypt.  The  use  of  this  stone  is  of 
great  antiquity,  being  distinctly  mehtioriitt 
by  Pliny;  it  is  called  lapis  oUaris,  or  prdt^ 
slope.  '  i 

'  In  Cornwall  serpentine  occurs  with  a  mixia- 
ceouB  rock  lying  over  granite,  and  forms  part 
of  the  promontory  called  the  Lizard  Point* 
It  is  not  met  with  in  any  other  part  of  En^ 
gland  that  I  know  of,  but  I  have  observed 
rocks  approaching  the  nature  of  serpentine  iii 
Chamwood  forest,  and  in  the  county  of  Radi 
nor  in  Wales. 

'•  Beautiful  varieties  of  red  and  green  serpen- 
tine occur  in  the  Isle  of  Anglesea,  about  six 
miles  from  the  Paris  copper-mine.  It  is  worked 
for  chimney-pieces,  columns,  &c.  by  Messrs. 

Geo. 


GeQ^  j^uUock  and  C9.prQ;^fprd-street«I^odo{^ 
(rpm  >^ji|ipii)  I  receive^,tl^Q^krvvjix>gaccoun|j;j 
-7r"T!?e  quarries  ax^jioyk'  wpirking  ,tQ  '4<Jpn^si:T 
ii^^lp  extent,  and  \\'ith  a.,^r,,pros{i||$cty 
^f^fjj^  although  liitbertp  i^^r)^t 

ly^thr  ^h^yjr^ej^pwwe.  Like  nujuriy,  otther  .p^g 
flifptions  of  x)ur  owi>  couqtry>  tjl?fi,  jntfpdy,(jtiQjj 
qf  Jthid.|peai|liful  3.tone  met  ia  tt^^^t^^^stjaac;^ 
yf\t^h  a  very  .decided.  ppppsitiQip^f.  bu^  j.Ue?5ple^ 
fjpijf, and;  variety  of  its  (K)bursj^,^jgc»^  bigj^ 
fJpgT^^i  of  ppl^sh  jt  is  capable  ofrecflivin^.tH 

^f^oj^a  poiK^y/Ulateam  ^ngiriq,.hfAje^  recopjr 
I)(^d^  i|;  tp  pHbliqfavQMT,,  It  if  proved  by  ^f 
penence  that  the  colours  are  indestrucl;j|^fti 
^nf^jpn  account  of  its  great  bardnesfit  eanpot 
R^y  b^  scj-^atched  or  dcfi^ced,  uor  caix  tj^j 

P9l^$ij  be  ipJ4rQd,  either  by. Wr,w^^^  % 

acifls. .  Colupt^sof  any  dbn^siof^s.ipay  bf 
ei^tracted  in  pne  shaft.  This  stone  is  %^4 
If?  1/a^g^  detached  pieces,  protruding  m  ,5jp^<? 
^g^fa  alj^ji^.tli^,,  sui;fap^  of  ^^^  e^rji^  ^i^^-ij; 
is  a  considerable  depth  before  (i)^  ')7^4s  {^^ 
«|bpefyed  tp  tokr^^  a  Tegular  form,  ^If^.i|;  is 
fbui^d  ,^|^e  qomnxor^  coarse ;  slatp-^stoi^e,  ,pf  ,t||e 

Tfie  fljpTpenline  mak^is  its  appe^^r^nqfi  innoaiyf 
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parte  of  the  estate  j  condiderhble  qnatothies  of 
asbestus  lie  between  the  beds."  They  have 
since  come  to  a  lower  bed  of  greater  thick- 
ness and  extent.  /  '  ' 
In  the  absence  of  a  more  definite  gedtogi- 
cal  description  of  its  situation,  the  above  ac- 
count may  be  acceptable.  It  was  not  dis- 
covered when  I  first  visited  Anglesea;  but 
from  some  specimens  shown  me  by  Mr.  Bul- 
lock this  serpentine  appears  connected  with 
talcous  slate*.  In  the  summer  of  1811  1 
was  requested  to  examine  some  blocks  of  this 
stone  at  Liverpool,  which  the  proprietors  sup- 


*  In  passing  through  Anglesea  in  1S13  I  regretted  that 
I  had  not  an  opportunity  of  examining  this  rock  in  siiu. 
T  had,  however,  time  to  inspect  a  low  range  of  rocks  about 
a  mile  north  of  the  five-mile  stone  going  to  Holyhead, 
composed  of  green  serpenthie^  much  intermixed  mth  veins 
of  white  quartz.  The  quartz  seem  also  iutimatcly  coa;i^ 
bined  with  the  substance  of  the  rock^  which  makes  it  ex- 
tremely difficult  to  work  or  bring  to  good  polish,  nor  han 
it  the  ricli  variety  of  colours  so  c6nspicuoite'  in  the  serpen- 
tine before  described.  These  rocka  rise  about  tiiirty  ot 
forty  feet  above  the  surface,  forming  detached  pro^^^V 
masses.  The  rocks  in  the  vicinity  appear  an  intimate 
mixture  of  talcous  slate  and  chlorite  with  serpentine  and 
quartz:. 

posed 
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fQBftd  were  green  and  red  marble.  Many 
j^piip^fT  have  the  characters  df  the  preckms 
^Qp,  aobl^  serpentine ;  the  colours  are  princi-* 
pally  dark  green,  intermixt  with  spots  and 
clouds  of  J^ter  gr^een,  and  shining  lanriins 
.qfi  8QhiUerr|»par  or  cry^talli2ed  serpentine. 
7  he  fracture  is  conohoidal,  and  it  is  tr^n^jo-* 
tcent  at  the  edges^  It  resists  the  point  of  a 
copper  or  brass  tooU  and  breaks  with  greett 
difficulty.  Some  varieties  *  qonlain  crystathne 
^qi^-stone,  but  in  smaller  patches  than  in  tiie 
j^ian,  yerdjQ-^intique  >  occasional  stripes  and 
4p<^s  of  steatite,  asbest,  and  quartz  occur  in 
it.  The  red  is  sometimes  intermixt  with  a 
great  variety  of  other  rich  colours  in  the 
tmie  stone,  as  black,  white,  greenish  white, 
and  dark  green.  It  may  be  considered  as  a 
most  valuable  stone  for  purposes  of  orna- 
mental architecture,  for  in  beavty  and  duneu 
bility  it  is  not  exceeded  by  the  costly  marbles 
of  Greece  or  Italy. 

Hornblendey  described  as  a  simple  mineral 
in  the  first  chapter,  occurs  in  beds  in  gneiss ; 
when  it  occurs  in  tht!s  situation  it  is  called 
primitive  trap,  when  it  has  a  slaty  structure 
it  is  called  hornblende-slate,  and  when  inter- 
mixt 
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mixt  >vith  crystals  of  felspar  it  b  j^aU^ 
green-stone.  Rocks  in  which  hornbl^Dd^fprms 
a  predominant  part  will  be  nior^  parl;;icularly 
described  ia  a  subsequent  chapter.  D'Aubuia- 
son  considers  the  primitive  ,tr^p  near  Mop^ 
Blanc  as  granite  or  gneiss>  with  an  ficcident|U 
mixture  of  hornblende ;  perhaps  future  obser- 
vations may  con^rm  this  conjecture,  and  i^)^^^ 
tend  it  to  primitive  trap  in  other  distvicta.,  .,, 
Werner  has  enumerated  four  other  primarjir 
rocks,  which  I  consider  as  of  too  rare  occur- 
rence or  tpo  little  known  to  form  distinct  or* 
ders.  These  are  topaz  rock,  white  stone^ 
gypsum,  and  quartz  rock.  The  two  iirbt,  ^ 
fw  from  being  universal  formations  or  being 
spread .  universally  over  the  earth's  surface^ 
are  not  known  to  occur  except  in  one  or  twq 
situations.  It  is  therefore  extremely  absuf^ 
to  class  these  as  distinct  orders,  and  to  omi^ 
other  rocks  which  are  of  far  greater  exteni 
and  importance.  Jasper  for  instance,  which 
is  omitted  by  Werner  is  said  by  travellers  to 
form  a  chain  of  mountains,  on  the  eastern 
side  of  Siberia,  of  more  than  one  thousanifi 
miles  in  extent,  a  space  far  greater  than  thqf^ 
in  which  Werner  laid   the  foundation  of  hia 

system. 
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ijlti(^.;  Bad  the  professor  been  originally 
placed'  in  Siberia,  instead  of  Saxony,  we 
i^uld  doubtless  have  had  a  Jasper  Gea^osj^j 
to  which  nis  disciples  would  have  bowecf.witfa 
is  much  superstitious  reverence  as  to  the  Geo^ 
giiotfy  of  Freybergh* 

Felspar  also  sometimes  forms  entire  moun* 
tains,  and  might  for  the  same  reason  be  en* 
titled  to  constitute  a  distinct  order  of  rocks^ 
Certain  causes  appear  to  have  operated  lo» 
cWy,'  and  separated  the  quartz  and  felspar 
of  granite-  into  masses  of  vast  extent  The 
beadtifu¥ conical  mountains  called  the  greatef 
iodr  lesser  Sugar  Loaf,  in  the  county  of 
Wicklpw,  are  composed  of  quartz ;  it  extends 
also  across  the  upper  part  of  the  picturesque 
gleh  called  the  Dargle,  where  I  had  an  oppor* 
tonitfy -of  examining  it  The  quartz  has  some^ 
#lHlt  of  a  greasy  aspect,  and  appeared  similar 
fai  "fliaCt  ^viiich  forms  numerous  veins  in  the 
mdMa^  near  its  junction  with  the  granite 
ib  the^  Adjoining  mountains  to  the  north.  I 
tber^re  am  inclined  to  infer  that  it  is  of 
tetetitpdraneous  formation  with  those  veins** 
Aecordng  to  the  observations  of  Dr.  Mac- 
culloch,  the  quartz  rocks  of  the  island  of 
Jura,  and  many  parts  of  the  Highlands,  pre- 

u  sent 
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•pnt  e>'ideut  udicatioiia  of!  beifig^^omfiined 
of  fntgaoeiits  and  rounded  pieces  .again  uttitedf 
9jnd  19  in  &ct  a  species  of quartzose  stmd^stoofu 
Topaz  rock  is  a  granitic  rock  containing  pti^^ 
cipally  crj^stals  of  quartz,  a  miQefal  q^Uf^. 
tchorl,  and  topaz;  it  ba«  been  found  oi^lyui 
cuie  situation,  near  Auerbach,in  Saxon  Voig]^ 
land.  What  is  denominated  \vbite-stone  coai^ 
fiists  of  white  felspar,  white  quartz,  aad  gaiv 
Bete.  Gypsum  occurs  occasionally  among  th0 
Alps  in  Switzerland;  but,  according,  to  the 
recent  observations  of  D'Aubuisson,  many  of 
the  mountains  in  that  country  which  have 
hitherto  been  denominated  primary  contawi; 
organic  remains,  and  must  be  classed  ^klh, 
secondary  rocks.  If  all  the  varieties  of  roelp 
found  amongst  the  primary  wtere  arranged  m 
distinct  orders,  the  number  would  be  inde-t 
finitely  extended,  and  the  science  encumhenail 
with  a  list  of  oames  which  wouki  he  of  little 
use.  it  is,  I  conceive,  better  to  class  these 
varieties  under  one  head  as  anoAiaJous,  afnd 
to  describe  their  peculiarities  whenever  they 
occur.  ^ 

Tlie  metallic  ore*  peculiar  to  dif]^ent  prw 
mary  and  transition  rocks  will  b^  subsequently 
enumerated. 

Primary 
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I 

Pirimary  mountains  being  principally  com-^ 
posed  of  siliceous  eafth^  afe  tinfavourable  to 
vegetation,  and  from  their  extreme  hardhejis 
and  precipitous  declivities  seem  doomed  lo 
eternal  bnrrehness ;  but  in  thiB  lapse  of  ages 
Ribess  and  mosses  attach  tliemselvfesto  theif 
sii^j  &nd  by  theif  decfty  aceambl*te«oil  for 
rfegetables  of  iarger  gtowth.  Water  ^eArs 
dtiWn  tbe  hai^est  sfohes  on  the  earth's  sur* 
fece  by  continued  attrition.  It  alsO  peirhedtear 
the  fissures  of  rocks,  where  it  is  expanded  by 
Irost,  and  breaks  down  large  masses  in  a  single 
Aight.  The  progress  of  disintegration  id  slow 
but  certain,  and  the  agency  of  air,  of  wate^, 
of  heat,  ftnd  light,  is  insensibly  but  constantly 
operative  in  "  converting  stones  into  bread," 
or,  in  other  words,  inf  preparing  soils  from  the 
mMst  sterile  rocks  for  the  support  of  vegetable 
atid  animal  life*; 


-111  -  - -^ ^ ' • '  ■■■.>... 


**  Flattf.  fig.  1, 18  fiippcRBdl  to  represent  the  section  of 
•  aoHBtiy,  where  granite  is  seen  above  the  surface  at  a, 
gpp»  nt  2,  micft^late  3^  slate  and  other  transition,  rocks 
4  and  5,  secondary  rocks  6.  In  passing  from  secondary 
rods  to  the  primary^  it  frequently  happens  that  the  inter«> 
uKBktit  rocks  4  tnd  5  occupy  an  extent  of  many  miles  or 
ki^pies^  and  sometHnes  oover  a  whok  ctistrict.  6  repre- 
6en{s  a  rock  imbedded  in  slate. 


H  2  CHAP. 
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CHAPTER  V. 

N   SlATE     AND  OTHER   TRANSITION   OR 
LOWER  SECONDARY  ROCKS. 


Rocks  of  this  Class  cojitdin  captain  Organic 
mains — are  commonly  Metalliferotis. — ArgiUa- 
ceoiis  Schistus  or  Slate. — Varieties  of  Slate. — 
Grajf-wacke. — Metalliferous  Lime-stom. — Ejh 
tensive  Caverns  in  this  Lime-stom. — Amygdaloid 
of  Derbyshire. — Opinions  respecting  its  Forma- 
tion.— General  Flew  of  Primary  and  T^xtrW" 
tion  Moufitains. 

JLtfEAViNG  the  rocks  denominated  primary^ 
we  come  to  the  next  class  called  transition  or 
intermediate.  These  rocks  are  particalarly 
distinguished  as  being  the  lowest  in  which 
fossil  remains  of  animals  or  vegetables  are 
found ;  they  may  be  regarded  as  ancient  re- 
cords imprinted  with  the  natural  history  of 
the  first  inliabitants  of  the  globe.  We  learn 
from  the  organic  remains  and  impressions 
which  these  rocks  contain,  that  zoophytfes 
and  shell-fish,  which  are  considered  as  form- 
ing the  lowest  link  in  the  scale  of  animal 
creation,  werei  the  first  that  received  the  gift 
of  life.     In  the  rocks  above  these,  remains 

of 
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of  animals  occur,  which  possessed  a  more 
complex  organization,  with  the  added  facul- 
ties of  sight  and  locomotion.  It  is  also  de- 
BBfykfg  notice,  that  the  organic  remains  in 
the  rocks  of  this  class  belong  to  species  of 
animals  that  no  longer  exist  on  the  earth, 
and  the  few  impressions  of  vegetables  are  ob- 
served by  botanists  to  be  those  of  monoco- 
tyledons. 

>  Geologists  have  been  frequently  perplexed 
in  attempting  to  determine  whether  certain 
rocks  belonged  *  to  the  transition  class.  The 
uncertainty  arose  principally  from  placing 
argillaceous  schistus  in  the  class  of  primacy 
rocks  ;  and  the  disciples  of  Werner  are 
obliged  to  introduce  the  theoretical  terms  of 
newer  and  older  primary  slate,  and  newer 
and  older  transition  slate,  to  adapt  their 
system  to  the  different  situations  in  which 
slate  rocks  occur. 

:  The  following  arrangement  includes  in  the 
same  class  the  lower  secondary  rocks,  which 
are  either  commonly  metalliferous,  or  are 
subjacent  to  rocks  which  contain  metallic 
veins.  A  character  much  more  definite  than 
perhaps  any  other  that  could  be  named  to 
designate  this  class.     Some  instances  occa^- 

sionally 
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fliDiialljr'  oca<lr  oi  mstmltic  veins  shooting  :into 
the  opfief  seoondary  rockiv^'^bcit  tbeife^iard 
^fwrj.rare.    :         '•    ':.-•:■'  ".''i';  .-j-K^ifna? 

!  l:<ArgiUQceoos  schistua^  date,  <xrda|)Nilfeite 

■i*  ■  rj: 'crf'Wemer*    «■•,•■■;•.■  vii.'.'.      «o-ii:i: 
3 [Flinty slate. '  ^  -.      •  ■.«■  ^  -'■    '^j  t-iui 

i  3  SubcfyiitaUine  lime-stone,  metafiifaralui^ . 

u'4  Gray-wacke  and  gcay->wacke  slate.   ^  ^ (:.£i 
id  Red  sancUstone,  called  the  old  ced  iisaiidiii 
:  r.^slmie  and  two  Mbordinate  noeks^tMipr 
-*r      -  andigypsttoi.' -i-  :-   :;  n  o/nci 

Argillaceous  schistus,  cIa3^-slate9  ^^or  DooA> 
^ate,  is  ¥ery  generally 'spread  over  ^alpitae 
diBtriots ;'  it'  rests  On ^  mica<>slate,  gneitt^  op 
granite.    That  slate  which  hes  nearesb't^ 
pfimary  rocks  has  a  more  shining;  lustr^  than:. 
the  odiiiv  and  'partakeswore  of  theiorystabt 
ItAe  quality  oi  micarslate.     As  thisi  *  rock  n^ 
c^es  froA'  the  primary,  ifr  mors  irequtatly 
cotltEuni  organic  impressions.  :  Itaooloiirs anir 
vluriotfs  abadta  of  gmyv  incUning  to-  blue^ 
^Meir,  ptt#pie^  aadb  Ted.' '  Seine'  kinds  of  sktfte 
i^it  into  thini  iflininiB,  ii^bicb  ere*  well,  know  At 
arf  ibrmihg  moflslates« '  The*  exteirnaL' struts^ 
tcHif,  t»r  that  of-llnd'nloun tain: fnassy  is  tabcH 
la^; '  con^btmg^  of  «kfel6&  on  plates:  of  varkm^ 
dinner ^^  tihickiKSsis^  uJneb'  generaUy^iaM^ 

■•-^  mnch 


% 


uu^beA^isttmbdedi  bnt  mihis  respoot it  9^^ 
lembles  gneiss  and  laica-slaie,  and  thofslBt3r 
•rtd<MfaBtiax^:9tmci»mran^  i  eoooeive^  the'e^ 
feets  of  erystaiiization,  depeodtng«  on  the  na* 
titre  of  ite  constituent  parts.  In  the  slate* 
lodo-aliCJhaiiiwiod^  forest  /the  alatyrJattimtt 
make  .aai:iaii|^r^  aiMtjp  degteer  wttb  the 
ptimagiskh  wkmi'iibf  whichr  the  rock*  is  di- 
▼idaobt'.  ^1 . AiiBOit  elKtbe  nock»  .of  ^m  -  di^ct 
hate  a  tendency  to  assuine^i>^gMlfir  fxymmi- 

oifii||Mke-4)oeks  rmry  m^thoiinqtiaHto^r  aad  past^ 
Iqi  tilUHilion>iflliOi.€ioty  slated •  wtaclv  appeafir 
tttrididTerrfromodmikKW  slate  by  cointaintii(^-% 
'gltNlter  jpiiopintioa  of  stliceoos  earthi^  iTut^; 
oOnaslind'cblofite.&late  contain  an  int^9!Hiiat< 
Ham  itf )talo^or  mugnesia.     J>awing  lykjbe.taip 
s<j|^tad\  itorconlBtn  •  1 1^  :per  ^qent*'  of  tiarbonjrr 
Wbet^cdaiae  >op  Hoaof  k^-altsi^f «« varietyciof t :  steti9k 
QedlirDf  difi^HKNill  racks/ oecur.iiv  qioff  ii(siiftfti»fy 
sbrtefi  they!  am  fmqtientljd  itit)(Mrsepti^:by  ymm,\ 
o£  .<quartS5  and  by  veins  and  beids  of  metaUi^, 
orasiii-Oarbonacecus  matter- is^fifst  diacover*- 
aUbirir filatotiipcktstt  and .  iiM^/ea^ea: .ae  we  afrn 
piOMbi  thlBi)S0f»n4affy  atjr»t#.i.>  Vegewble  im^ : 
pmsBions. :iur  ibund i  in  !iqi(m\  ajbte^Tocika  19; 
jij.if  very 
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very  elevated  ^nations,  ad  in  ^ths  iricmit^/ef 
Mont  Blanc.  •'•  ^^        .•,:i'.-.:  ■,  .!..-j,>r'  u-u. 

^'' Those  varieties  of  roof-slate  4ape  prefeirod 
for  the  covering  of  buildings  whicbiifAveithtt 
smoothest  sariiiee  and  splits  inRb  the  thinnui 
plates ;  ithey  are^  however^  irequentlyvinddtt 
tido  thin  to  bedufrablevand^too  light  <K>'reldit 

« 

the  ibr6e  of 'the  ^^ind^durki^jttonnfs.i'i  '  >iii<^ 
Quariries  of  ^^ute  are  wtt>rfife(i  >  exteniii^d^ 
ih  Westmoreland,'  Yorklshire,  >  Leil^estersktre, 
Nordi  Wales,  CCornwiall,  and  Devcmshiitei  THifc 
Yorkshire  slate  <;ontains  cttbiot  eiystaiis^'iof 
|>ytite&,^ '  \^vli  >  to^  'itotnetimes  cmertd  iwfdi  ( thin 
f:ty  nitic  ^configta  radons  resemUmg  trees,  ^m^ 
fetrlled  *  dendritical,^'  t  f.Mrj.i  >  /i.;:i[j')ii 
''^Mountains  of  slate  are  seUlom  s^p!ie«i|^ 
C6US  «3t&^  those  of  gittnite;  they  1x1051  be  diimi^ 
g^ished  at*a  distance  by  their  outline,  jwiinli 
ii  less  brokeii  and  criiggy.  On  a  nearer  ap- 
prda<ih,  they  are  seen  covered  with  ^erdur^^on 
l&eii^  declivities,  as  they  contain  kss'silexmid 
B  more  equal  admixture  0[  the  earths  ^vout- 
able  to  vegetation. 

-  Flinty  slatej- as  I  befoi^e  observed,  diffets 
from  common '  iilate  by  containing  a  greater 
quantity  o^'mlicisoiiift  earthy  and  as  its  name 
itmplies  it  partakes  of  the   nature   of  flint. 

Slate 


■ 

Skfcte  (Hod  flinty  skile  pess  into  each  oth^» 
«nd  frequently  alternate.  When.  the.  htt^t 
ceaaeA  tor  have  the  slaty  structure^  jt  becoBies 
;hdriit9tobfv>idr/w^athtbe  Freneb  denominate 
fGtmthUiet^  itfiitidoot^iacryatiykQf  iefepw^ 
ilbboeomies  iiornMstone  parphy i^y :  all  ithe^e  v|^ 
iii^sc4MvrdneiQbs6iiife<l''a^ 
other  in  the  same;  fockstin  GhArnwood.fcireffj 
ftl^iiPt  NxMTth)  Wales  and  Cumberland.  -Xj 
(diA^>focki:tDi  %'hich. the:  QerjaaAs  (bf^yie  Ki^^O 
ihH  barbarous  kiame  o{j,^pfiiM''MaQi»  ^f&yr 
loacke^cibelongs  to  tbifiiclatf^  .  Gray^w^ke,  1(5 
iroinp!Med  i(^  cUytslate^rCQnf^isai^cimbeddf^ 
9Miis.aiidfragmeot»>of  other  mmm^  m^r 
ticularly  of  indurated  clay-ral$i((Qf>qii9rt3^.  ^g§[ 
4ifKk^if>laAea\(yAoeoTdwg:  rXo  ithQi(mz»Lpf/[the 
ignairts  CMP  fragmantSyit  i$  denQoiinat&d  fini^iPr 
/tfinrse  grained  gray-wacke.  :Tbp£ncir^i;4i{i^ 
4E|U'ietieai£iGquire  a  slaty  sitri^ctiur^^^ifti^.fajrp 
(f»Ufdtngfay»-wacke  date,  whiipb  is  09!^, ^fi 
fomiaclr-kiad  of  «^lay*altte.  Sqme  vi^i^^^jai^ 
-CDOtun'.&Qijniicb  wica^is  f^wpaifi^  .inton^iqi^ 
slate.  Gray-wacke  alternate^  ^^ithr  va$t  b^ 
>^iIhnehstooe^t  flinty ;  slati3,  and;  tnap^  ^ .  Itifre- 
/qii^itdy^  contaifiSf  metolliofi^epiQ^nWd  kf^h. 
Inhei  grains  orffragmenttt  'in  #on)^  k^io^^.  of 


igttfp-^dck^  me  of  sach  a  sizer  bb  to  ^pproaoit 
to  die  natiire'of  a  conglomerafee  rock  or  puck* 
d»g^»torve.  r?  (,* 

« >•  Jl^mc^  gealb^.^.%  ^lioroiii^  eimsnteiieA  the 
4li«0W»e  ^Fudechamcal  depoiitiortB  wH^kfi^ 

*  foottov  t«0W  (toMiritar  duch*  appanuit' finignieHto 
f^lte'tlici  tisMkoft^ystaHktauiMi^as  tftieyiMs  . 
MitieliniM'obMHed  UKgMdnate  intothe  baak 
0f'tite>  roofed' !«>'  whiehi  ^Aiey  aire,  iiohieddeck 
Sn^  Proti$Mk3i>r  Jasnieton  on  the  Mmetklotgyi  a£ 
fhe '  PJEfntk^nki'  Hlliav  and*  cm  CoiigionwratMl 
lb(:^kft»^«^^4Metiniil«  o#  tbs  Weitaenan:  Sadtofijlj 
iwk  ih  p«w«iK  *  T4»e  admcatearof  itt^diAnufe  * 
f^st^nllliigiyt'arith  ecpiai  probability  ^y^Asft 
tivefife  imlMMided  pieces  wevei  reali  firagmtife 
pttKially  softened,  and  fused  by  inteifnaithaal^ 
and'thti^^ 'blended  with  tbe  base,  particukndry 
fl^4iM»org^nie  remains  in  some; of  these  Fooka 
^rove  that  they  must  have  been  fbrmodtiaA 
^^i§fiSh»ttt  ^riod^/i;(4iaAeveT.Tnay  ka-ra  faeen:^^ 
pmeess  -  j^yuihioh  tfaey  ^ubsequeady  becaia^ 
inlpei^cljf  er^taUizdd.-      ?    r-  »?    .-    »^.hs 

i^@itiyi<M«Kikd 'W^aeariyiaUi^^.  to 
fAd'^fihe  faei^kiwdg^^ngrayHwaoke^alate  pte^* 
trm^^iai^^datid^aatt  >  antinob^  hA  ^liatingui^nidt* 


-tmm  tt^v  These  locUs  «fe  IconmiODljr  iatec^ 

sectf d  .'bjr(rei]3&  of  quairtu^  and  are  rich  in 

metallic  ores.  ..:;i 

*".:  Gnr|r-*vacke  »  AKtrwiAh  on  the  western  Adm 

^  Eoiglaady  and  iii}  Waiea.    la  thre  nartlhpait 

df.'BadDorshire  »)&  lofty  range  of  mountaiai 

composed  of  gray-fwacke,  yfhieb  oq  the  eascem 

eztrrmstyi graduates  into  isand^-stone,  and  on 

tluswestemv  ioto  FQo^slate.  When  engaged  (a 

^nUmralogioaJt  examination  of  some:  estaten 

tj^  VxKiiiity 9:  i' explored  a  >seietion  of  this 

tei»(  than  thirteea  hundred  feet  oa 

;s  in  adeep  ravine  which*  intersected 

aahrfty.' mountain  neatf  Nt^w?  Radnor;  it  waf 

difltlnctW '  sturaitified,  and  contained*  ao^  bedtt 

of  sfinoeagn  rocki  that;  L  could  uiseover  in  anyt 

puA'fiitufni  the  summit  to  the  ba^e.     In  ^oma 

ppiFtiit*faad  a  tendency  to; a  rhomboidal*  fbroii, 

CSsu^waoke  ,i¥as  not  observed  byrHumboldfr 

iiy^tliu&'-Andesi";  -  ..r  .. 

'  <^'3Phe)  Ume-fitone !  whiohi  ocours^.  alternaibg^ 
^«itfaiwck9'0£  slate- and  gray-traoke,  has  been 
called  transition  hme-sttme^.  The  present  an^ ; 
naigBmetit  ineludea.in  the  same  clana  therrast 
beda;  of  mfmntain  limestone  .'Mrbi^occiui, 
lestu^  101^  oy  {alternating' with  redr  0andf^toii9> , 
ergeay^wacke.     The  lower  beds  of  thift  rode 

in 
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in  the  alpine  parts  of  England,  agree  in 
many  of  their  characters  with  the  tbrmer, 
and  as  it  is  now  admitted  that  there  is  nc 
well  marked  difierence  between  the  transition 
rocks,  and  what  were  called  by  Werner  the 
lowest  floetz  rocks,  it  is  useless  to  retain  vagito 
distinctions,  which  only  serve  to  support  ua- 
founded  hypotheses.  The  transition  lime^* 
stone  and  mountain  Jime-stone  agree  als^ 
in  the  important  characters  of  being  rich.ii^ 
metallic  veins,  and  in  containing  beds,  of 
trap  and  amygdaloid.  They  both  exist  m 
masses  of  vast  thickness,  and  often  form  en^ 
tire  mountains,  presenting  lofty  perpendicu- 
lar cUfTs  and  deep  ravines.  This  lime-stone 
is  less  crystalline  and  more  compact  than  the 
primary.  The  lower  beds  often  exhibit  a 
variety  of  colours  and  are  sometimes  blac^k 
and  gray.  The  upper  beds  are  more  distinctly 
stratified  than  the  lower,  and  abound. more 
in  marine  petrifactions.  The  organic  remains 
belong  to  animals  no  longer  existing  on  the 
globe.  The  variegated  lime-stones  of  Devon- 
shire and  Cornwall  may  be  considered  as  the 
lower  transition  lime-stone  of  some  geologists, 
and  the  lime-stone  of  Craven  in  Yorkshire, 
and  the  peak  of  Derbyshire  as  the  alpine  lime- 
stone 
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Stone/  The  lowest  beds  of  lime-stone  r6ckj 
in  thJB  latter  districts  are  of  vast  thickness,  are 
conijmct  or  finely  granular,  and  contain  few 
drjganic  remains,  cooipared  with  the  upper.  It 
IS  in  these  lower i)eds  of  mountain  lime-stone, 
thait  enormous  natural  caverns  frequently 
occur,  such  are  the  well  known  cavern  near 
Cadtleton  and  Pools  hole  near  Buxton  in  Der- 
byshire, and  Yordas  cave  under  Whemside  in 
Craven  :>Gerdal  scar  and/Weathercock  cave 
in  (he  same  district,  cannot  properly  be  called 
caverns,  as  they  are  open  to  the  day,  but  the 
titter  was  probably  once  a  cavern  of  which  the 
roof  has  fallen  in.  In  all  these  caverns  and 
bthbrs  that  I  have  observed  in  this  lime-stone, 
there  is  a  stream  of  running  water,  which  is 
more  or  less  copious  in  rainy  or  dry  seasons, 
ancl  I  am  inclined  to  believe  that  the  caverns 
have  been  formed  by  the  agency  of  water  per- 
colating through  natural  fissures,  and  in  the 
lapse  of  ages  excavating  the  softer  or  mofe 
broken  parts  of  the  rock.  The  prodigious  force 
with  which  these  subterranean  streains  rush 
throngli  the  openings  of  some  of  these  caverns, 
after  continued  rains,  suggests  the  probability 
of  this  Tilode  of  formation.  The  whole  of  that 
enormous  mass  of  lime*stone  iii  Craven,  from 

Ingleborough 


^   ^. 
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Ingleborougli  and  Whernside  to  Gordal  is  in- 
tersectwi  by  perpendicul-ar  tis^ures  which  are 
narrow  at  the  top  and  become  xvkler  at  tbejr 
descend,  through  which,  the  water  may  t>^ 
heard  to  run  at  a  vast  depth  below.  Tfaesie 
'  unseen  but  e\-er  active  streams  are  slowly  but 
progressively  wearing  down  the*  internal  parts 
of  these  calcareous  mountains  and  depositing 
them  in  the  sea. 

The  metalliferous  lime-stone  of  Derbyshire 
contains  thick  beds  of  trap  or  basalt.  In  one 
or  two  instances  the  Derbyshire  trap  has  been 
observed  to  assume  the  columnar  structure;' 
Other  beds  contain  cavities  filled  with  calca-* 
reous  spar :  they  are  provincially  called  toad* 
stone,  the  amygdaloid  of  mineralogists*  Some 
varieties  have  a  near  resemblance  to  krva, 
and  were  supposed  by  Mr.  Whitehurst  to 
have  been  forced  between  the  beds  of  limt*  ' 
atotub  when  in  a  state  of  fusion.  Were  tind 
to  admit  their  igneous  origin,  a  more  natural 
supposition,  I  conceive,  would  be  that  they 
were  formed  at  distant  periods  of  time,  by 
successive  eruptions  of  submarine  volcanoes, 
irben  these  mountains  were  covered  by  the 
ocean;  for  it  cannot  be  doubted  that  they 
were  once  under  the  sea.  From  recent  ob- 
servations 


4sr¥fttip9$,  \ie  have  reaston  to  beUme  llsaC 
'ttM9  ^g^nqy  of  :$ul>iparioe  vplcanociB .  »s^  .v«ryv 
^^ctqvsive*    i^iy>l>ably  miiDY  of  the  (IWei^iees 
ol^served  tif^  volcanic   products  aod  basaltia 
isqpKp^  wefe  opcaaiQoed  by  the  cJiflerent  ciivi 
c^f)9ist%i)ce8  to  which  thay  ^ere  exposed  i£bM 
t|i|^  eruption,  w  t|ie  dry  l^mdvOr  mlepiim. 
iqy^mnbeat  pressure  of  tjbie  watarft  ofthe  0i3€AfUi 
The  trap  or  green-stone  of  CornwaiU  wl^eh  ; 
d^f^p^in  treoaition  xDcks^  has  no  eharafct^rs 
1;]y[^.^||Ujch  it  cim  be  di^tingubhed  froxn  thai 
f^fl^  JAIpninaQr.     Gypsufn,*x)r  lime  caili"^ 
'bjj^d  :^^^^  3ulphunc  acid  in  a  crydstallifiOj 
fttAJt%;  ha9  been    occasionally  .^bscurved    ia ; 
tr^i^UOQ  mountSMUB',  but  is  of  too  rare  occui^^ 

renc^  to  merit  a  pai^tieular  ^eacnption  in  aiii 
introductory  Mfork. 
.The  red  sand^stonie  called  by.  Werner  t\^ 

m 

4>H  red  sand*^one^9^ifi  compo^ed^o^  graini^;i 
princq)ally  of  quartz,  and  often  coIou]fed  fedt:  > 
l>3r..  th«  pxyd  of  iron.     It  foroM.  beds  o£vm^ 
^ijckne9s,  the  upper  and   lower  p0rt3  ftep^, 
quently  vary  much  in  quality  and  fineneM  ^r 

of  the  gram.     Thifl  rock  commonly  rests  on 

•-  ■  ■-     '       .,  «^   ,..  .■.,.,.■■■■■-, 

•  In  the  arrangement  of  Wem^  this  is  the  lowest  of  the'».'' 
tUaH  fodu$  but  as  it  is  not  distinotlj  stratified,  and  soma* 
tinea  alleq|a|es  wit))  {rfn^itipn  .^^  nietaUi&roua  ri^ks^  L 
llliTf  filpdsed  it  with  them. 

"^  coar:5e 
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coarse  slate,  or  gray-wacke.  It  occiipie»  a 
considerable  part  of  the  north- western  cowi^ 
ties  of  Ejigland,  from  Cumberland  to  Lancia 
shire,  Cheshire,  and  Shropshire.  The  metdU 
liferous  lime-stone  of  Durham  and  North* 
umberland  rests  upon  this  rock.  See  the  clmfr 
ter  on  the  geology  of  England.  It  is  very  iadi* 
stinctly  stratified,  and  is  remarkable  for  cut- 
ting off  the  coal,  for  whenever  it  occurs,  all 
search  for  coal  beneath  it  is  useless.  Thev 
are  however  some  of  the  upper  secondary 
sand-stones  alternating  with  coal,  which  very 
nearly  resemble  this  rock  both  in  colour  and 
other  external  characters.  The  rocks  associ- 
ated with  the  red  sand  rock,  terminate  the 
series  of  transition  rocks,  containing  metallic 
veins,  and  the  more  antient  organic  relics  of 
marine  animals.  The  strata  which  immedi- 
ately cover  them  abound  principally  in  im-* 
pressions  of  vegetables,  and  contain  few  re- 
mmns  of  animals  of  any  kind.  It  is  however, 
well  deserving  notice,  as  marking  the  changes 
which  the  surface  of  our  planet  has  undergone, 
that  after  a  succession  of  numerous  beds  and 
strata  containing  almost  exclusively  vegeta- 
ble remains,  whose  total  thickness  is  in  some 
situations  more  than  one  thousand  five  hm;^ 

dred 
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dred  jards,  nve  again  meet  with  calcareous 
locks,  aboonding  in  remains  of  marine  ani- 
«ials  but  different  from  those  in  the  lower 
-totks.  Before  proceeding  to  describe  the 
^Mher  secondary  rocks,  it  will  be  proper  to 
riMice  a  class  of  r(lcks  which  have  no  regular 
order  of  succession,  but  which  appear  to  have 
been' forced  through  and  spread  over  the  more 
regular  beds  of  rock,  in  various  parts  of  the 
woi'id ;  these  are  the  rocks  of  basaltic  confor- 
mation, including  porphyry,  sienite,  and  trap. 
Th^y  dccOr  among  rocks  of  the  preceeding 
kttd  subsequent  classes. 

Primary  and  transition  rocks  constitute  the 
loftiest  mountains  and  mountain  ranges  in 
eyery  part  of  the  world,  except  such  as  are 
of  volcanic  origin.  They  are  the  repositories 
of  the  most  valuable  metallic  ores,  and  they 
j^pply  us  with  materials  for  durable  architec- 
ture and  sculpture.  They  have  besides  the 
most  important  uses  in  their  physical  influence 
on'flie  cUmate  and  habitable  condition  of 
die  globe.  They  collect  and  condense  clouds 
and  vapour;  hence  springs  and  rivers  have 
their  origin,  and  are  precipitated  to  fertilize 
distant  regions.  The  loftiest  mountains  in 
the  torrid  zone  arc  covered  with  etenvdl  show, 

I  and 
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and  serve  to  cool  and  cquali^se  the  tempera- 
tare  of  countries  vhich  would  otherwise  be 
unfit  for  the  abode  of  man.  They  arrest  the 
progress  of  the  winds,  and  cause  currents  in 
the  atmosphere,  by  which  it  is  rendered  pure 
and  salubrious^  Nor  ought  we  to  omit  that 
they  adorn  and  diversify  the  surface  of  the 
globe  with  all  those  picturesque  and  magni* 
ficent  scenes  which  afford  such  exquisite  de- 
light to  the  lover  of  nature ; — scenes  that 
tranqufllize  the  mind,  and  elevate  the  imagi- 
nation to  a  better  world. 

^  the  inex])rcssive  strain 

Diffuses  its  enchantment.     Fancy  dreams 
Of  sacred  fountains^  and  Elysian  groves. 
And  vales  of  bliss/'  Akensibb. 

The  reasoning  faculty  awhile  yields  to 
these  charming  illusions;  or,  as  the  same 
poet  expresses  it, 

'«  The  intellectual  power 

'  "    Bends  from  his  awful  throne  a  wondering  ear. 
And  smiles.'^ 

Surely  it  may  be  regarded  as  a  proof  of 
benevolence  and  design  in  the  constitution 
of  the  universe,  tliut  the  Author  of  nature 
has  franied  our  senses  and  faculties  to  receive 
such  delightful  impressions  from  the  inani- 
mate objects  Avitli  which  we  are  surrounded. 

CHAP- 
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CHAPTER  VL 

Basaltic  rocks,    pokimiyry,  and  si- 

ENITK. 

Position  of  these  Rocks,  their  GratUition  into  each 
other,  and  resemblance  to  l^oleanic  Products. — 
Sienite,  Green-stone,  Basalt,  Amygdaloid^  afid 
Porphyry  described. — Neglect  of  Porphyjy  by 
modern  Architects. — Various  Formations  of 
Porphyry. — Columnar  and  (i  lobular  Basalt. — 
Experiments  illustrating  their  Formation. — Ba- 
saltic Rocks  of  Auvergnc  a?ul  Sicily. — Basaltic 
Columns  of  Ireland  and  the  Scotch  Hebrides, — 
Basaltic  Rocks  evtcndifig  in  the  same  parallel 
of  longitude. — Speculations  of  different  Geolo- 
gists.— Theory  of  JVemer. — Obscfx^atioiis  of 
Sir  G.  Mackenzie  in  Iceland. — Remarkable  ap^ 
pearancc  of  Basalt  at  the  Clce  Hills  in  Shrop- 
shire  and  in  the  County  of  Durham,  illustra- 
ting the  origin  of  Basalt. — Basaltic  Columns 
of  Tecsdale. 

L  n  E  rocks  which  form  the  subject  of  the 
present  chapter  are  particularly  distinguished 
by  their  structure  and  position,  and  by  other 
geological  characters  which  compel  the  mind 
to  speculate  respecting  their  origin.  The 
manner  in  which  they  cover  other  rocks  was 

I  2  described 
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describl^d  in  the  second  chapter;  but  it  may 
afford  a  familiar  iUiistration  if  M^e  suppose  a 
set  of  volumes  a  little  inclined  and  leaning 
on  each  other,  to  represent  the  conformable 
position  of  primary  and  transition  rocks;  and 
a  single  volume  of  another  set  introduced 
between  them,  to  represent  an  imbedded  or 
subordinate  rock  I  now  if  a  large  book  be 
bid  flat  over  these,  it  will  represent  the  posi- 
"tion  of  a  superincumbent  basaltic  rock.  This, 
I  have  before  observed,  is  what  the  Germap 

I   .  ■  i 

arid  Anglo-German  geologists  denominate  the 
"  unconformable  overlying  position." 

Granite  is  generally  believed  to  form  the 
foundation  rock  on  which  the  superficial  parts 
of  the  globe  rest;  but  it  is  not  improbable 
that  granite  also  covers  lower  rocks  in  an  un- 
conformable position.  It  is  sometimes  found 
in  this  position  upon  other  rocks,  and  is  then 
called  by  the  Germans  secondary  granite, 
which  nearly  resembles  sienite,  one  of  the 
rocks  belonging  to  the  present  class.  The 
transitions  by  which  granite  passes  into  sie-^ 
nilc,  and  the  latter  into  porphyry,  trap,  and 
basalt,  are  gradual,  and  in  some  rocks  almost 
imperceptible.  These  changes  are  principally 
etlccted  by  an  intermixture  of  the  mineral  al- 
ready 
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ready*  described  under  the  name  of  horn- 
^ende.  This  substance  forms  the  connect- 
ing link  between  granitic  rocks  and  those 
which  are  of  undoubted  volcanic  origin.  It 
occurs  in  some  granite,  and  when  the  quan- 
tity increases  and  supplies  the  place  of  quartz^ 
it  forms  the  rock  denominated  sienite,  from 
Sienna  in  Upper  TEgypt,  where  it  abounds, 
«nd  was  employed  for  purposes  of  architec- 
ture and  sculpture  by  the  Mgyptrans  and 
Romans.  In  sienite  the  felspar  is  generally 
red,  and  the  hornblende  black  or  dark  green. 
When  hornblende  predominates  and  the  cry- 
stals  are  small,  it  is  called  green-stone,  by  the 
Germans  grimsteiti.  In  green-stone  the  fel- 
spar is  paler,  and  frequently  white.  Transi* 
tions  from  granite  to  sienite  and  green-stone 
may  sometimes  be  observed  in  the  same 
block,  as  I  have  noticed  at  Charnwood  forest 
in  Leicestershire.  According  to  Brongniart, 
granite  and  gneiss  alternate  with,  and  pass  into 
porphyry  and  sienite ;  in  the  department  of 
La  Manche,  the  sienite  there  reposes  on  coarse 
slate  like  that  in  Leicestershire.  A  transi- 
tion from  sienite  to  green-stone  may  be  ob- 
served in  the  colossal  ^Egyptian  sculpture  in 
tb^  British  Museum,  Sienite  and  green^stone 

are 
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ere  met  with  in  Cornwall,  Wales,  and  Cum- 
berland. Markfield  Knowl,  a  hill  on  ChfRtK* 
wood  forest,  is  composed  of  a  most  beatrtiftil 
red  and  dark  green  sienite;  on  the  upper 
part  of  the  hill  it  lies  in  detached  pjratnidal 
blocks. 

Rocks  in  which  hornblende  forms  a  predo- 
minating ingredient,  have  been  denominated 
trap  rocks,  from  the  Swedish  word  ttnppa'  a 
stair;  as  these  rocks  frequently  divide  into 
regular  forms  resembling  the  steps  of  a  stair- 
case. A  variety  of  names  have  been  given 
to  trap  rocks  by  different  geologists;  but 
they  may  be  '  considered  as  essentially  the 
same,  differing  only  in  their  mode  of  aggre- 
gation, being  more  or  less  perfectly  crystal- 
lized. The  French,  after  the  Abb^  Haiiy, 
fancifully  denominate  them  *  roches  amphi^ 
holiques.*  The  term  trap  having  been  prc- 
viottily  intibduCed,  may  serve  as  a  generic 
word  to  designate  the  rocks  of  this  order 
called  green-stone,  basalt,  amygdaloid,  and 
whin-stone. 

When  green^stone  becomes  compact  by  an 

intimate  intermixture  of  its  constituent  parts, 

it  forms  basalt,  >vhich  differs  little  from  com- 

'  pact  laya.  The  compopei^t  ingredients  of  these 

ropksi 
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rocki>fefe  stated  in  the  second  chapter.  Green- 
stone i^d  basalt  may  not  unfrequently  be  seep 
fiassiDg,.  into  each  other  in  the  same  stoae^  ^ 
D'Auhuisson  and  Dolomieu  have  previously 
observed.  Trap  rocks  are  seldom  so  hard  as 
to  strike  fire  with  steel.  They  all  contain  ft 
ooDsiderab}^  iqi^Hitity  of  iron,  and  pass  from 
a  gi;eenish  black  or  brown  by  various  shades 
to  an  ash-»gray  colour ;  they  yield  an  earthy 
smell  when  breathed  upon,  and  .are  fusible 
vith  the  blow-pipe,  forming  a  black  glass. 
Trap  rocks  which  have  a  slaty  structure  are 
^led  *greeD-stone  slate.  If  basalt  contain 
^vities  or  vesicles  filled  with  different  mi- 
Q^f^  substiances,  it  is  called  amygdaloid, 
fpilach  has  a  striking  resemblance  to  porous 
lava.  Agates  are  frequently  found  in  the 
cavities  of  amygdaloid.  The  amygdaloid  of 
Derbyshire  is  ppovincially  called  toad-ston^, 
the  cavities  being  generally  filled  with  Qalca- 
reous.spar,  which  gives  it  a  spotted  appear- 
ance, supposed  to  resemble  the  back  of  a 
toad. 

Porphyry  derives  its  name  from  the  Greek 
word  signifying  red,  as  the  porphyry  used 
by  the  ancients  was  most  frequently  of  that 
colour.     The  term  porphyry  is  very  vague^ 

•  being 
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being  applied  to  all  rocks  that  have  a  ootn" 
pact  base  or  ground  in  which  crysuls  of 
any  kind  are  imbedded  and  distinctly^  vij^Lblei^ 
Thus,  according  to  the  kiqd  of  stone  in  which 
the  crystals  occur,  the  porphyry  takes  ite 
more  appropriate  name,  as  hora^^tone  poiv 
phyry,  clay-stone  porphyry^Mte^stone,  and 
t)bsidian  porphyry*,  &c,  m     j 

The  base  of  porphyries  is  generally  allied 
to  trap,  and   is  fusible.     The  crystals  ,4iFe 
either  quartz  or  felspar,  but  more  comrmonky> 
the  latter,  forming   fbur^sidedv  torKisfrx-rsided 
prisms,  whose   length,  is   greater  « than   tbeo 
breadth.      Pitcb^stone  and  obsidianqneaij^i 
resemble  opaque  glass,  in  the  iatter  the  rritriK) 
iication  is  perfect.     These  substances  otenr 
in  volcanic  rocks,  and  in  the  neighbourhoiod 
of  volcanoes,  in  situations  that  leave  no  doubt 
of  tiieir  igneous  origin :  hence  the  probabi* 
lity  is  increased  that  the  other  kinds  of  por- 
phyry which  accompany  them  have'  had  a 
similar  formation. 


•  In  fact  the  terms  porphyry  and  amygdaloid  rather  re* 
present  a  mode  than  a  substance,  and  convey  no  precise 
idea,  unless  the  nature  of  the  base  be  specified ;  such. rocks 
would  be  more  correctly  described  as  porphyritic  or  amyg- 
daloidal.  .        .,  .    . 

"^  .In 
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Itt  the  Andes  and  in  Mexico,  as  was  be- 
fore ^atated,  enormous  masses  of  porphyry^ 
liaariJti  andJava,  cover  the  granite. and  slate. 
Jiocerding  to  Professor  Jamieson^  porphyry 
may  be  traced  extending  from  Norway  to  tbe^ 
TxHsders  of  the  Black  Sea.  It  has  also  beenob* 
served  in  Upper  iEgypt  and  Siberia.  Porphyry 
occurs  on  the  western  side  of* England^  and 
^4be.Gbeviot  Hills  in  Northumberland,  aind 
in  North  Wales.  .  Porphyry  is  also  faundr  at 
(Jikarowood  forest  in  Leicestershire, 
biis  porphyry  exists  in  cpasses  and  blocks 
cfucnof mous  size,  and  is  very  durable,  it  was 
higiiiy  prized  for  architecture  by  the  natiom 
of  antiquity.  No  better  reason  can  be  oj^ 
fered  for  die  neglect  into  which  porphyry 
atid  igranfite  have  fallen  in  modern  times, 
tban<^^heir  extreme  hardness,  which  increases 
the  expense  of  working  them  ;  but  surelji  it 
i»  an  ill-placed  parsimony  to  employ (ponbliH 
able  materials  for  public  edifices  that  oogjhfe 
to  endure  for  ages,  and  perpetuate  the  mft^ 
mory  and  the  glory  of  the  times  in  which 
they  were  constructed.  AU  the  public  build- 
iags  and  bridges  in  the  metropolis  of  En- 
gland, of  modern  date,  are  built  of  Portland** 
stone,  a  species  of  lime-stone  which  is  eaisiiiy 

acted 
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acted  upon  by  water.  The  sculpture  and  the 
figures  in  alto  relief  of  tliis  stona  at  Somerset 
House  are  rapidly  perishing,  and  the  magni- 
ficent bridge  of  Black  Friars  is  ikst  hastening 
to  decay  in  the  very  Kfe  time  of  its  founder*. 
The  extreme  hardness  of  some  kinds  of 
porphyry  may  be  illustrated  by  a  circupH 
stance  m^ationed  by  Mr.  Williams  respect* 
ing  Ben  Nevis,  the  highest  mountain  in  Grep^k 
Britain,  \vhich  he  describes  as  composed  ol 
granite  and  porphyry.  "  On  the  north«eaat 
side,  at  the  bottom  of  a  frightful  precipice  of 
five  hundred  yards^  there  is  a  deep  gulf^  which 
has  a  smooth  and  solid  pavement  of  granitei 
upon  virhich  has  fallen  a  fragment  of  several 
tons  weight  from  four  hundred  yards  perpen- 
dicular height ;  but  instead  of  being  dashed 
to  pieces  by  the  inconceivable  force  of  th^ 
shock,  it  is  whole  and  entire*!'.*'  .ri 

'At  the  time  when  Mr.  Williams  wrote,  the 
difference  between  granitic  and  porphyritic 

■■II  ■^■.i|«li-l  ■  ..  .,■  ■  ■!.  ■■    »^M^i^l.l^ 

*  I  have  attempted  to  direct  the  attention  of  the  piab^ 
lie  to  this  subject  in  an.^^  E^say  on  the  Selection  of  Stones 
for  the  purp<>9e  of  durable.Architecture,"  which  appeared 
in  the  MfVithly  Magazine  for  June  18U^  and  has  sincQ 
been  reprinted  in  America. 

t  WilliahiVs  Minerkl  Kingdom. 

■  rocks 
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rocks  "Was  not  well  understood.  CoU  Imrie 
has  lately  published  a  description  and  section 
of  Mount  Battock,  situated  like  Ben  Nevis, 
in  the  range  of  mountains  called  the  Gram- 
pian hills,  by  which  it  appears  that  granite 
occupies  the  central  and  highest  parts;  on 
the  sides  are  laid  gneiss,  mica-slate,  and 
slater  and  lower  down  various  rocks  of  trap 
and  porphyry.  The  base  is  covered  with 
sand-stone,  the  strata  of  which  rise  towards 
the  mountain  at  a  very  high  angle  of  eleva- 
tion. • 

Some  geologists  have  described  four  for* 
mations  of  porphyry ;  but  Humboldt,  who 
has  made  more  extended  obsen^ations  on 
volcanic  and  basaltic  rocks  than  any  philo^ 
sopher  who  has  preceded  him,  admits  that 
the  classification  of  porphyry  is  exceeding 
difficult ;  for  though  geologists  describe  four 
formations  of  porphyry,  he  observes  that 
^'  they  frequently  present  transitions  into  each 
other,  but  never  any  into  the  rocks  on  which 
they  repose.^'  Porphyritic  rocks  occur  in 
gneiss  and  mica-slate  ^-^^uch  has  been  called 
primitive  porphyry,-*  ^om  ftccurring  in  thifc 
situation.  The  porphyry  •which  alternates 
with  sieiute,  liuqiboldt  says, '  .probably  be- 
longs 
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longs  to  Itansition  rocks.  It  contains  beds 
of  pitch-stone  and  obsidian,  and  even  of  gra- 
nular lime-stone,  as  at  Meissen  in  Saxony.  It 
is  extremely  rich  in  metals,  and  is  found  at 
Guanax^^to  Regla,  and  other  situations  in 
Mexico,  and  in  Norway,  Sweden,  and  Hun- 
gary.  "  It  is  this  second  formation,''  he  says, 
"  which  appears  to  have  been  the  centre  of 
the  oldest  volcanic  revolutions.  The  third  fot- 
mation  belongs  to  the  old  sand-stone  which 
forms  the  basis  of  the  Alpine  lime-stone.  It 
contains  amygdaloid  inclosing  agates,  and 
sometimes  covers  strata  of  coal.*'  The  fourth 
formation  of  porphyry  is  basaltic,  and  desti- 
tute of  quartz.  In  America  it  is  often  in- 
termixed with  augit  and  olivine : — it  accom- 
panies green-stone,  basalt,*and  clink-stone : — 
it  occurs  at  Chimborazo  in  the  province  de 
lbs  Pastos,  near  Berne  in  Switzerland,  and  at 
the  Puy  de  Dome  in  Auvergne. 

Porphyry,  sienite,  and  trap  have  frequently 
a  columnar  structure,  and  form  ranges  of 
lofty  natural  columns  which  strike  the  ob- 
server with  astonishment  by  their  magnitude 
and  regularity,  though  in  reality  they  are  not 
more  extraordinafy  than  the  regular  crystals 
which  we  meet  with  in  every  part  of  the  mi- 

neral 
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nerai  kingdom.     The  globular  structure   is 

not  uncommon   in  these    rocks;   and   even 

f 

inountains  of  trap  or  porphyry,  in  which  no 
particular  structure  can   be  observed  when 
whole,  often  present  the  globular  structure^ 
when  the  parts  are  decompiosing,  and  round 
balls  fall  out  which  were  harder  than  the 
other  parts  of  the  rock.     It  has  been  before 
observed  that  granite  has  sometimes  a  similar 
structure,  and  is  coitiposed  of  balls  consisting 
qC  concentric  spheres  of  stone  encircling  each 
ijthen    De  Luc  says  that  in  the  granite  moun- 
tains of  Silesia  he  saw  pil^s  of  these  globes 
of  granite,  which  at   a  distance  resembled 
gourds  or  melons ;  but  I  conceive  he  is  mis- 
taken in  supposing  ^hey  had  once  a  rhom- 
boidal  form.    An  experiment  of  Mr,  G.  Watt, 
throws  much  light  on  the  formation,  of  the 
globular  structure  of  basaltic  and  other  jrocks. 
He  fused  seven  hundred  weight  of  tn^  and 
basalt  in  a  furnace,  and  kept  it  in  thfit'^rtu-> 
ation  several. days  after  the  fire  was  reduced. 
It  ^1elted  into  a  dark  coloured  glass  with  less 
heat  than  was  fiecpssary  to  melt  tb&  3ame 
quantity  of  pig  iron.     In  this  glass  sma)l  glo- 
bules were  formed)  which  disappeajred  again^ 
and  as  tJje,cooling  proceeded  the  aia93  (;haqged 
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from  a  vitreous  to  a  stony  substance,  other 
globes  H'ero  again  formed  within  the  stony 
mass,  which  continued .  to  enlarge  until  their 
sides  touched  and  pressed  against  each  other, 
by  which  pressure  the  globes  formed  poly- 
gonal prism.v.  If  part  of  the  mass  were  cooled 
before  the  globuhir  structure  was  destroyed, 
these  globes  were  harder  than  the  surround- 
ing  stone,  and  broke  in  concentric  layers,  {n 
this  manner,  in  all  probability,  the  balls  of 
*  basalt  and  porphyry  which  fall  out  of  de- 
composing rocks  were  formed  ;  they  derived 
their  superior  hardness  from  the  crystalline  ar- 
rangement of  the  particles  when  in  a  melted 
state.  When  these  globes  were  enlarged  by 
II  continuation  of  the  ^me  process,  they 
pressed  on  each  other,  and  formed  prisms  in 
a  similar  manner  to  the  globules  in  the  ex- 
periments of  Mr.  Watt,  The  upper  prisms 
pressing  by  their  weight  upon  the  lower, 
ibrmcd  concavities  or  sockets,  into  which 
they  would  snik,  and  remain  jointed  together 
or  articulated.  Such  is  frequently  the  struc-> 
ture  of  basaltic  columns.  It  had  been  pre- 
viously proved  by  Sir  James  Hall,  and  has 
since  been  amply  confirmed,  that  basalt  and 
lava,  when  melted  and  cooled  rapidly,  form 

a  sub- 
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a  substance  resembling  glass;  but  if  the  same 
glass  be  melted  again  and  cooled  slowly,  it 
anttnes  its  original  stony  texture ;  and  if  the 
diminution  of  temperature  be  very  gmdual, 
this  stony  substance  will  have  a  prismatic  or 
ixdamnar  form,  like  that  of  basalt  rocks. 
•  Porphyry  and  sienite  commonly  cover  pri* 
raary  and  transition  mountains ;  trap  or  b»- 
flilt,  secondary  hills.  An  extensive  forma- 
bon  of  porphyritic  and  basaltic  rocks  exists 
iearly  in  the  same  parallel  of  longitude,  from* 
tiie  Canary  and  Madeira  Islands  to  Ireland, 
Scotland,  the  Hebrides,  and  Iceland.  The 
lortfaern  and  southern  extremities  are  at 
fMtent  the  seat  of  active  volcanoes,  which 
are  probably  the  uAextinguished  remains  of 
sxtensive  subterranean  and  submarine  fires. 
It  has  been  observed  that  large  whin  dykes, 
tr  those  rents  of  the  earth^s  surface  which 
are  filled  with  basalt,  have  generally  a  direi> 
tion  inclining  to  the  north  and  south.  The 
most  extensive  mountain  chains  have  the 
same  direction.  If  mountains  owe  their  ele« 
yation  to  the  expansive  force  of  subterranean 
heat,  it  should  appear  that  the  crust  of  the 
globe  is  more  disposed  to  split  longitudinally 
than  in  the  opposite  direction.    The  Andes 

in 
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in  South  America,  with  the  continuation  of 
the  same  chain  of  mountains  through  the 
Isthmus  of  Darien,  and  along  the  western 
side  of  North  America,  to  the  Arctic  circle^ 
is  the  longest  mountain  range  on  the  globe ; 
it  is  also  the  seat  of  volcanic  fires,  extending 
in  the  same  direction  more  than  eight  thou- 
sand miles.  D'Aubuisson  states  that  the  an- 
cient  volcanoes  in  Auvergne  run  in  a  line 
from  north  to  south.  The  basaltic  ranges  of 
that  district,  which  can  be  traced  to  their 
source,  seem  to  have  biken  this  direction. 
Two  leagues  to  the  west  of  Clermont,  near 
sixty  volcanic-  mountains  are  seen  ranged  in 
the  same  line :  hence  he  is  led  to  infbr  that 
there  was  a  bed  of  combustible  matter  in  that 
direction,  which  was  the  source  of  these  vol- 
canic fires.  The  account  which  D^Aubuisson 
gives  of  the  basaltic  rocks  of  Auvergne  is  ex- 
tremely interesting.  He  had  previously  writ- 
tea  to  disprove  the  igneous  origin  of  basalt ; 
but  at  that  time  he  had  never  seen  a  volcano 
or  a  current  of  lava.  At  the  invitation  of 
the  National  Institute  of  France  he  under- 
took the  examination  of  this  province,  and 
returned  fully  convinced  that  the  ranges  of 
basalt  which  cover  a  considerable  part  of  it 

were 
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vem  formed  by  volcanoes,  the  remains  of 
\irhich  are  still  visible.-^Dolomieu,  Avhd  had 
spent  many  years  in  the  examination  of  voU 
canic  countries^  also  ascribes  a  volcanic  ori* 
g[m  to  the  basalt  of  Auvergne.  (Brochant^ 
IMFin^ralogie,  torn.  ii.  619.)  An  English  tra- 
veller just  returned   from   Auvergtiej   says, 

■ 

*^  On  examining  the  basalt  of  this  country, 
and  comparing  it  with  the  blocks  of  granite 
^iid>  schist  which  every  where  accompany  itj 
and  have  undergone  the  action  of  fire  in 
^very  degree,  up  to  a  substance  no  way  di«* 
stinguishable  from  basalt  except  in  form,  I 
tbink  it  impossible  to  doubt  the  agency  of 
fire  in  its  production.  These  antediluvian 
volcanic  remains  extend  over  a  space  of  se- 
veral thousand  square  miles.  The  basalt  was 
probably  a  stratum  of  granite,  fused  by  a 
subterranean  fire,  without  being  ejected  from 
its  native  bed,  and  acquired  its  prismatic 
form  from  the  circumstances  attending  the 
ccx>liDg.  The  conical  hills  which  form  the 
c^nef  ornament  of  this  interesting  and  ro- 
nnantic  district  appear  to  be  rocks  of  basalt, 
^'V'hich  have  crumbled  and  shivered  down 
^ntil  they  have  assumed  their  present  shape. 
I  ascended  one  of  these  cones  called  La  Tour 

K  d'Auver^ne, 
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^^Auvecgne  from  an  old  castle  on  its  sumnuty 
irfaich  was  evidently  of  this  character.  Among 
die  scorise,  about  three  leagues  irom  Cler- 
mont, are  the  charred  remains  of  many  trees* 
No  appearance  of  a  crater  was  to  be  observed 
any  where/'  ^otes  on  a  Journey  through 
FretncCy  hy  Maurice  Birkbeck*. 

Though  there  may  be  no  elevated  cmtms 
similar  to  those  of  recent  volcanoes,  D'Au* 
buisson  expressly  informs  us  that  the  cur- 
rents of  basaltic  lava  may  be  traced  for  maaj 
miles  from  the  bottom  of  several  of  the  co- 
nical hills  in  that  district  over  the  adjacent 
plains,  and  that  these  currents  have  some- 
times reached  the  adjacent  valleys,  and  fob- 
lowed  their  course  for  three  or  four  leagues* 
He  also  savs,  on  the  summit  of  some  of  these 


*  This  small  pamphlet^  under  the  unassuming  title  of 
Notes,  contains  much  valuable  information^  particularly 
on  the  agriculture  of  France,  and  also  more  materiab  for 
reflexion,  than  are  to  be  met  with  in  most  of  the  mod«n 
quarto  volumes  of  travels.  On  comparing  it  with  them 
the  observation  of  an  eminent  philosopher  presents  itself 
to  the  mind :  (il  n'y  a  que  deux  sortes  des  hommes,  ceux 
qui  pensent  et  ceux  qui  ne  pensent  point,)  accompanied 
iifdl  the  regret,  that  so  many  of  our  modern  travellers^ 
though  dexterous  bookmakers^  belong  to  the  U)|er  cIimm, 

conical 
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jeopfiical  hills  there  are  hollows  resembling 
xnatens.  Ferrara,  Professor  of  Natural  Phi- 
Josophy  at  Catania,  asserts  that  at  the  Motta 
iua  Sicily,  where  there  is  a  range  of  basaltic 
columns  two  feet  in  diameter,  covered  by  red 
t^rosses  and  puzzolana,  an  aperture  was  lately 
:«aade  by  the  peasants  under- the  columnar  ba- 
4Balt ;  and  when  the  hand  was  introduced,  a 
iseDSible  heat  was  perceived,  and  the  haod 
^melt  of  sulphur.  Remarkable  basaltic  co* 
Jmnas  occur  in  other  parts  of  Sicily,  co* 
^^red  with  massive  lava  of  the  same  sub- 
M90^f  which  is  often  continuous  with  the 
«plu<nns. — Few  countries  in  the  world  pre- 
4Mpt  more  magnificent  basaltic  rocks  than  the 
Aortb  part  of  Ireland,  and  some  of  the  He- 
liiides:  probably  these  are  connected  under 
^e  ocean,  and  have  had  the  same  origin. 

The  Giant's  Causeway  constitutes  a  small 
p9,Ft  of  a  vast  basaltic  range  along  the  north 
.QQ^st  of  Ireland,  in  the  county  of  Antrim* 
^^e  promontory  of  Fairhead  and  Borgue,  in 
^}a^  9ame  range,  are  situated  eight  miles  from 
fi^ch   other:  these  capes  consist   of  various 
ranges  of  pillars  and  horizontal  strata,  which 
^W^  from  the  sea  to  the  height  of  five  hun- 
dred faet^  and  from  their  abruptness  are  very 
-*  K  2  conspicuous. 


iSi  mAMt*!   CADSVWAt. 

eotisprcudus,  and  form  a  pile  of  natural  ar- 
chitecture, in  which  the  regularity  and  sym- 
inetry  of  art  ure  united  with  the  wild  gran- 
deur and  magnificence  of  nature.     Many  of 
the  columns  in  the  ranges  at  Fairhead  are 
one  hundred  and  fifty  feet  in  height,  and  five 
feet  in  breadth.   At  the  base  along  the  shore 
is  a  wild  waste  of  rocky  fragments,  which 
have  fallen  from  the  cliffs.     Immense  masses 
that  have  withstood  the  force  of  tHe  shock 
He  in  groujis,  resembling  the  ruins  of  enor- 
mous castles.     At  the  Giant's  Causeway  tfie 
columns  rarely  exceed  one  foot  in  breft([^^ 
and  thirty  feet  in  height:  they  Are  sharply- 
defined,  and  the  columns  are  divided   ibto 
smaller  blocks,  or  prisms  of  one  foot  or  more 
,    in  length,  which  fit  neatly  into  each  other, 
like  a  ball  and  socket.     The  basalt  is  close 
grained,  but  the  upper  joint  is  cellular.    The 
cohimns  are  most  frequently  formed  with  ^five 
6t*  six  sides ;  but  some  have  seven  or  eight, 
and   others  not  more  than  three.     Beds-^ 
basalt  that  are  not  columnar,  in  some  sitbfti- 
tions  lie  over  and  also  under  the  columns; 
The  basalt  in  ihese  beds  is  cellular,  and  cofcK 
tains  zeolites  in  its  cavities.    The  coldmh»tit 
Fairhead  are  T)ot  articulated  like  those^at  Ihi 

Giant's 
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Giant's  Causeway ;  but  the  blocks,  which  are 
of  great  length  in  each  column,  lie  flat  on 
each  other.  Basalt  appears  to  extend  on  the 
coast  and  inland  about  forty  miles  in  length, 
and  twenty  in  breadth. 

The  basaltic  columns  of  the  Island  of  Staffa 
are  too  well  known  to  require  a  description ; 
biiity  according  to  Dr.  MacCuUock,  the  co- 
lumns which  form  the  lofty  promontory  called 
the  ^cuir  of  £gg9  another  of  the  Hebrides, 
9XC9ed  in  grandeur  and   piqturesque  effect 
those  of  Staffa ;  they  are   formed  of  black 
pitch-stone,  containing  crystals  of  glossy  fel- 
spar.    "  The  promontory  rests  on  a  bed  of 
^mpact  gray  lime-stone,  approaching  to  a 
stope  marie.     This  bed,  which  is  three  or 
four  feet  thick,  rests  on  a  still  lower  bed  of 
liard  reddish  stone.     Masses  of  bituminized 
vrood,  penetrated  with  carbonate  of  lime,  are 
found  in  the  marie  stratum  not  at  all  flat- 
tened.    Portions  of  trunks  of  trees,  retain- 
ing their  original  shape,  but  petrified  (silici- 
fied),  are  found  in  the  same  stratum ;  the  rifts 
are  filled  with  chalcedony,  approaching  in 
aspect  to  semi-opal.     The  columns  on  this 
island  are  both  perpendicular  and  inclined, 
Vid  some  of  them  are  bent  or  curved/' 

In 
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In  various  other  situations,  as  in  Auvergncf 
and  the  vicinity  of  Etna,  the  columns  ai^e  also 
singularly  curved,  and  are  supposed  by  ftrtiny 
geologists  to  have  taken  this  form  before  cool- 
ing, or  when  they  have  been  subsequently 
softened  by  subterranean  fire. 

Columns  of  porphyritic  green-stone  lie  in 
heaps,  and  are  thickly  scattered  over  the 
northern  side  of  Cader  Idris,  a  mountain  itt 
Merionethshire :  they  are  principally  petitftp 
gonal  and  hexagonal,  and  vary  in  length  frdftk 
one  foot  to  twelve.  On  this  mountain  ii'ft 
cavity  exactly  resembling  a  volcanic  crater.^ 
^  We  are  not  to  be  sui'prised  diat  appear- 
ances like  thosd  presented  by  basaltic  rocks 
should  excite  the  attention  and  dixide  the 
bjiinions  of  geologists  respecting  their  cause. 
The  experiments  of  Sir  James  Hall  and  Mr. 
G.  Watt,  already  alluded  to,  with  the  concof^ 
fehl  evidence  of  almost  every  one  who  has  Vi- 
sitefl  volcanic  countries,  strdngly  favour  the 
Opinion  that  basaltic  rocks  haVe  been  formed 
By' subterranean  or  submarine  fires.  FertnWa 
Iras  recently  published  a  physical  and  mittera- 
logical  description  of  the  burning  fields  of  SU 
cOy  and  the  adjacent  islands.  His  cbnittfrtt 
yesidence  in  a  volcanic  and  basaltic  country 

a^brded 
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•IBuidad  better  opportunities  of  ob3(eMrvation 
than  travellers  possess,  and  he  is  decidedly 
of  opinion  that  those  who  deny  the  volcanic 
or  igneous  origin  of  the  basaltic  columns  in 
Sicily  can  never  have  seen  them* 

I  am  inclined  to  think  that  the  part  of 
Dr.  Hutton's  theory  which  relates  to  the  ig- 
neous origin  of  basaltic  rocks  is  as  well  esta- 
blished as  the  nature  of  the  subject  will  ad- 
mit of;  other  parts  of  the  system  are  much 
leas  satisfactory.     Mr.  Werner,  and  most  if 
not  all  of  his  disciples  who  deny  the  igneous 
origin  of  basah,  have  never  visited  active 
i^lcanoes,  and  seem  disposed  to  close  their 
iBj^   upon  their  existence.     Dr.  Thomson, 
one  of  the  most  intelligent  followers  of  Wer- 
ser,  in  the  excellent  compendium  of  mine- 
Talogy  which  occupies  four  hundred  pages  in 
the  fourth  volume  of  his  Chemistry,  has  dis* 
missed  volcanic  products  in  eighteen  lines. 
Xt  is  always  desirable,  but  perhaps  not  always 
easy,  to  keep  the  description  of  facts  distinct 
from  the  language  of  theory.   With  this  limi- 
tation theories  have  their  use,  not  only  as 
tbey  assist  the  memory  in  connecting  insu- 
lted facts,  but  also  as  they  induce  us  to  ex- 
amine 
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amine  nature,  in  order  to  prove  the  truth  or 
fallacy  of  the  system  which  we  may  be  in* 
clined  to  form  or  adopt.  Theories  are  also 
better  understood  as  they  are  brought  to 
bear  upon  facts ;  on  which  account  the  intro«> 
duction  of  the  Neptunian  and  Plutonian  the- 
ories has  been  omitted  until  the  subject  ap^ 
peared  to  require  it. 

.  Whatever  opinion  we  may  form  of  the  getv 
logical  speculations  of  Werner,  who  has  sopp 
ported  the  former  theory,  it  will  not  detract 
from  his  merit  as  an  eminent  mineralogist. 
By  perseveriug  industry,  he  has  collected 
more  facts  in  this  department  of  science  than 
my  of  his  predecessors ;  it  is  much  to  he^re- 
gretted  that  he  has  not  extended  his  obseiFY 
vations  to  districts  which  are  the  seat  of  ac- 
tive volcanoes.  Having  formed  his  system 
in  countries'  remote  from  their  immediate 
operation,  he  seems  desirous  of  excluding 
them  from  nature,  and  is  obliged  to  invent 
the  most  fanciful  contrivances  to  supersede 
the  agency  of  subterranean  fire. 

According  to  the  theory  of  Werner,  all  the 
superficial  parts  of  the  globe  were  once,  in  a 
state  of  aqueous  solution,  from  which  the  mar 

terials 
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terials  were  at  first  separated  by  chemical 
deposition  in  a  crystalline  state,  and  formed 
a  thick  mass  of  granite  round  the  globe. 
Upon  granite  the  primary  rocks  were  succes- 
sively deposited,  forming  lu^rs  over  each 
other  hke  the  coats  of  an  onion.  Over  these 
again  were  laid  the  transition  rocks,  and  next 
the  earthy  stratified  rocks.  Each  of  thes^ 
layers  is  supposed  to  encircle  the  globe^  or  to 
be  an  universal  formation.  While  this  pro^- 
isess  was  going  on,  the  waters  w^re  gradually 
retiring  and  became  turbid :  hence  the  ma- 
terials which  they  deposited  to  form  the 
upper  strata  were  more  earthy  than  those  of 
the  primary  rocks ;  they  were  also  intermixL 
with  fnagments  of  the  rocks  previously  form  • 
■ed.  According  to  this  system,  mountains 
and  valleys  were  caused  by  the  original  in- 
equality of  the  nucleus  of  the  earth.  So  far 
the  parts  of  Werner's  theory  are  consistent, 
and  we  have  a  world  ready  made  in  which 
evj^ry  thing  might  be  supposed  to  remain 
cjuiet ;  but — iion  ,sic  Fata  sinunt; — Neptune, 
adliamed  of  his  late  retreat,  and  indignant  at 
his  confinement  in  such  narrow  limits,  calls 
the   infernal  deities   to   his  assistance,  and 

rising 
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liiing  in  his  might  oiice  more  takes  possess 
MOD  of  the  globe.  He  covers  it  with  the  d«i» 
p^rgations  of  his  turbid  waves ;  but  agaiu^  he 
is  compelled  slowly  and  reluctantly  to  retire 
frcmi  the  field>xeaving  behind  him  the  hai- 
saltic  rocks,  the  monuments  of  his  triiunph 
and  his  shame.  Such  is  in  substance  the 
theory  of  Werner  respecting  the  origin  of  all 
the  superincumbent  rocks  of  basalt  and  tr&jK 
They  are  also,  according  to  this  theory,  uni'* 
vcrsal  formations.  It  is  scarcely  possible  ibiF 
the  human  mind  to  invent  a  system  mora 
repugnant  to  existing  facts.  Were  basaltic 
rocks  deposited  from  a  solution  which  coveiv 
cd  the  globe  after  the  formation  of  secondary 
strata,  as  Werner  supposes,  every  part  of  the 
dry  land  and  every  valley  must  have  been  in^ 
crusted  or  filled  with  basalt,  it  would  be  the 
prevailing  rock  of  every  district.  On  the  coi>p 
trary,  basalt  exists  only  in  detached  masses 
in  particular  situations,  nor  do  fragments  of 
basalt  occur  in  any  quantity  which  can  war«* 
runt  the  belief  that  it  was  ever  formed  uni*- 
versally  over  the  globe.  Nothing  but  the 
obscure  language  in  which  this  doctrine  has 
been  advanced  has  prevented  its  absurdity 

from 
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from  being  instantly  perceived  and  acknow-i 
ledged*.  Against  the  other  part  of  Weme/i 
theory,  the  universal  formation  of  the  pri^ 
mary,  transition,  and  secondary  conformable 
rocks,  I  think  the  only  objection  which  can 
be  offered  is,  that  it  appears  to  be  in  opposi«> 
tion  to  the  universal  evidence  of  facts ;  for 
dlere  is  not,  perhaps,  a  country  in  the  world, 
^Xjdefpt  that  in  which  Werner  formed  his  ar- 
Fdngement,  where  his  entire  series  of  universal 
rock*ibrmations  succeed  each  other.  Manv  of 
the  orders  in  each  class  are  missing,  and  others 
Stipply  their  place  in  every  district  that  has 
yet  been  examined.  Now  by  what  figure  of 
speech  that  formation  can  be  denominated 
Universal  which  occurs  only  in  one  place,  I 
leave  the  supporters  of  Werner  to  discover. 
It  is  not  a  little  remarkable  that  the  two  in- 
stances which  Professor  Jamieson  has  given 
of  the  order  of  rock-formations,  to  prove  the 
universality  of  their  extent,  are  in  opposition 
to  his  own  system.  The  one  is  from  the  Harlz 
in  Hanover,  the  other  from  the  mine  district 


M^ 


*  By  what  cause  the  retiring  and  rising  of  tlie  oceaa 
w^re.  effected^  this  theory  does  not  explain ;  uor  would  ex- 
planation be  necessary^  could  the  aqueous  origin  of  basalt 
be  established, 

in 
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ill'  the  electorate  of  Saxony;  in  the  former 
the  important  formations  of  gneiss  and  mica* 
•Iftte  are  entirely  wanting,  and  clay-slate  rests 
immediately  on  granite. 

In  some  situations  secondary  rocks  cover 
primary,  without  any  intermediate  rocks. 
According  to  La  Metherie,  coal  strata  rest 
upon  granite  at  Mount  Cenis.  Exceptions  io 
the  universality  of  rock  formations  are  so  fre* 
quent,  that  we  cannot  believe  such  universa<>* 
litv  ever  existed.  In  a  more  hmited  sense,  it 
may  be  said  that  each  of  the  three  classes  of^ 
primary,  transition,  and  secondary  rocks,  are 
found  in  almost  every  part  of  the  worlds  and 
wherever  they  occur  together,  the  secondary 
cover  the  transition  rocks,  and  the  latter 
cover  the  primary ;  but  many  of  the  rocks 
which  are  enumerated  by  Werner,  as  univer- 
sal forniations  belonging  to  each  class,  afs 
missing,  and  sometimes  a  single  rock  occu- 
pies the  place  of  the  whole.  With  respect  to 
basaltic  rocks,  the  regularity  of  succession 
is  far  more  uncertain.  Porphyry,  sienite,  and 
basalt,  are  evidently  partial  formations,  and 
have  been  produced  by  local  causes,  whose 
operations  have  been  confnied  to  particular 
districts.     No  fact  in  geology  appears  more 

decidedly 
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Jemdedly  established  than  this,  whatever  ori-^ 
^D  we  may  ascribe  to  these  rocks* 
^i  The  formation  of  basalt  is  still  a  subject  of 
x)ntroversy ;  but  the  observations  of  Hum^ 
whit  in  South  America  and  Mexico,  and 
if'-iyAubuisson  in  Auvergne,  with  those  of 
>ir  G.  Mackenzie  in  Iceland,  are,  I  thinks 
umdusive  respecting  the  igneous  origin  of 
MKSaltic  rocks,  if  any  thing  wer«  wanting 
Q.r^the  chain  of  evidence  on  this  subject. 
fecks  of  trap  and  basalt,  both  in  solid  beds 
Indalso  arranged  in  columns  like  those  of 
ks^Bj  were  observed  by  Sir  G.  Mackenzie 
In} the  coast  of  Iceland,  and  also  in  the  in*^ 
^Tiorv  ia  which  the  lower  parts  of  the  beds 
nd:  Columns  contained  scoriae  and  i^lags,  and 
nkpty  cavities.  A  successive  range  of  beds 
S  basalt  was  also  observed  alternating  with 
leds  of  tufa,  the  lower  parts  of  which  pre- 
mted  the  same  appearance  of  the  action  of 
ire; 

ii^From  the  situation  of  these  rocks  and 
torn  the  existence  of  submarine  volcanoes 
lear  Iceland,  he  conceives  that  these  beds  of 
Malt  were  formed  under  the  sea  by  the  ejec- 
ion  of  lava,  which  flowing  over  the  moist 
itbmarine  ground,  would  confine  a  portion 
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of  \i'ater  beneath  the  melted  mass :  tills  water 
would  be  converted  into  elastic  vapour,  or 
fiteam,  which  would  endeavour  to  expand ; 
but  whei>e  the  superincumbent  pressure  of 
the  ocean,  or  the  tenacity  of  the  lava,  pre^ 
vented  its  escape,  it  would  be  comprasaedy 
and  form  cavities,  or  air  bubbles,  at  the  botiF 
torn  of  the  melted  mass.  In  other  instances, 
where  the  fluidity  of  the  lava  permitted  the 
steam  from  below  to  escape  through  it,  tbc 
mass  would  be  compact,  and  form  solid  bar- 
salt,  or  green-stone.  It  might  sometimes 
happen  that  water  would  be  inclosed  in  the 
cavities  of  the  mass,  which  is  found  to  km 
the  case  in  some  basalt  rocks. 

Thus,  according  to  the  different  circuits 
stances  of  pressure  from  the  depth  of  the 
ocean,  and  the  tenacity  of  the  melted  mass, 
porous  or  vesicular  lava,  or  compact  bassilt, 
might  be  formed  from  the  same  eruption ;  or 
the  mass  might  be  porous  below  and  com;- 
pact  above.  When  a  volcano  first  breaks 
out  on  land,  the  surface  of  the  earth  opens 
for  a  considerable  space,  which  at  length  is 
choked  up  with  lava  and  stones,  and  the 
eruption  is   confmed  to  one  place,  where  it 

forms  a  cone  or  mountain.     Through  such 

extended 
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extended  fissures,  tbe  melted  matter  was 
potired  out  of  submarioe  volcanoes^  aad 
spread  in  every  direction  over  the  bottom  of 
tbe  sea,  to  a  limited  extent :  successive  erup* 
tions  of  a  similar  kind  formed  different  beds 
aver  each  other.  If  a  considerable  intervai 
€f  time  elapsed  between  these  operations^ 
loose  materials  with  water-worn  fragmenti 
might  be  collected  upon  the  lower  lava,  aiid 
constitute  a  bed  of  tufa,  which  would  sepft^ 
rate  it  from  the  upper. 

If  ages  passed  away  between  the  periods 
•f  two  submarine  eruptions,  polypi  and  shell* 
fsh  might  deposit  their  remains,  and  form  a 
bed  of  lime-stone  upon  the  first  kva,  which 
would  be  buried  under  that  of  the  second 
eraption.  In  this  manner  I  conceive  tbe 
beds  of  amygdaloid  and  lime-stone  were  for- 
med, which  constitute  the  mountains  in  the 
mining  districts  in  Derbyshire:  that  tliey 
were  formed  under  the  sea,  cannot  be  dts* 
puted*.  The  agency  of  submarine  volcanoes 
is  now  admitted :    and  if  the  ocean  once  co- 

'<  m        ■  .    -  ..        I  I  I      ■ ...  ■.    «■» 

•  The  rapid  fonnution  of  immense  submarine   rocks* 

by  polypi^  in  the  South  Sea,  has  been  recently  described 

by  Captani  Flinders^  and  is  tmly  astonishing.     Foyage  to 

Terra  Australts^ 

vcrcd 
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vered  the  globe,  as  Werner  supposes,  all  tha 
voloaiiX)es  then  existing  were  submarine. 

For  the  formation  of  basaltic  •  columns,  or 
regular  prismatic  forms,  it  appears  requisite 
^that  the  mass  should  cool  slowly  :  and  it  is 
probable  that  most  regular  basaltic  columns 
have  been  enveloped  with  an  incrustration  of 
uncrystallized  basalt,  which  defended  the  in« 
ernal  mass  from  agitation,  and  permitted 
the  crystalline  arrangement  of  the  particles 
to  take  place.  Numerous  instances  might 
be  cited  of  basaltic  hills,  in  which  the  in«. 
terior  parts  are  columnar,  and  the  outer  part 
a  confiised  indeterminate  mass.  In  some  in«* 
stances  the  lava  from  submarine  volcanoes 
has  cooled  suddenly,  and  formed  beds  of 
compact  or  porous  basalt. 

The  following  circumstances  related  by 
Colonel  Imrie  leave  no  doubt  respecting  the 
igneous  origin  of  some  columnar  basaltic 
rocks.  Felicuda,  one  of  the  most  western  of 
the  Lipari  or  Eolcan  Islands,  is  from  eight 
to  nine  miles  in  circumference  and  entirely 
formed  of  lava  and  other  volcanic  produc- 
tions. From  a  conical  crater  in  the  centre 
of  the  island,  Colonel  Imrie  says  he  could 
trace  a  stream  of  lava  till  it  fell  over  a  per- 
pendicular 
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jpendiciilur  rock,  not  less  than  sixty  feet  hig1i> 
into  the  sea.     *•  The  lava  here,  even  after  it 
had  passed  ov'er  the  verge  of  this  precipitous 
cieclivitVf  «till  retained  for  a  short  distance  a 
considerable  degree  of  smoothness,  but  which 
'^iras  soon  broken  by  narrow  longitudinal  fur- 
rows, appearing  upon  its  surface.  These  lines 
^t  first  only  slightly  marked  their  directions, 
l3ut  as  they  descended   they  became  deeper 
sind  deeper  until  their  interstices  began  to  as^ 
:»uine  an  approach  towards  form,  and  near  to 
<:1ie  water  these  forms  were  perfectly  column 
ar/'     Upon  some  other  parts  of  the  shores 
this  island  he  obser\ed  in  the  currents  of 
,  these  forms  arrested  in  various  stages 
-f^owards  a  complete  columnar  shape*. 

If  basaltic  rocks  were  once  in  a  state  of 
fusion,  a  passage  must  exist  somewhere  in 
t.l:Reir  vicinity  through  which  the  basalt  was 
ejected;  though  this  passage  may  be  con* 
C'^^aled  by  the  surrounding  rock.     A  remark- 


*  The  same  iDtelligent  traveller  has  also  related  an  in- 
*^  ^Jice  of  the  columnar  structure,  in  a  mass  of  indurated 
^^  ^.y  or  mud,  formed  at  the  bottom  of  a  lake,  now  be- 
^"^^ine  dry,  in  the  "vicinity  of  antient  Carthage.  This  w 
P^»haps  analogous  to  what  takes  place  in  the  drying  of 
*^^rch, — Transactions  of  the  Wtrnerian  Society. 

L  able 
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able  instance  of  this  kind  may  be  observed 
at  the  Titterstone  Clee  Hill  in  Shropshire. 
I  believe  it  has  not  been  previously  noticed. 
I  visited  this  hill  in  the  autumn  of  1811,  to 
observe  what  geological  relation  it  might  hariD 
•with  the  east  side  of  Radnorshire,  beHig- 
the  nearest  coal  district  to  that  part  of  tiie 
xjounty. 

This  is  the  highest  mountain  in  Shrop- 
tthire ;  its  summit  is  covered  with  basalt,  pro- 
'vincially  called  Jesv-stone :  detached  blocks 
of  basalt  are  scattered  over  its  sides.  A  mesb 
of  basalt  from  fifty  to  sixtv  vards  in  thick- 
ness,  consisting  of  blocks,  also  lies  concealed 
4mder  the  surface.  Round  the  hill  are  sevenl 
small  coal  fields,  in  which  the  strata  are  ar- 
ranged in  basin-shaped  coiK-avities,  dipping 
towards  a  centre,  and  appearing  at  the  sur- 
face on  many  parts  of  the  hill  where  it  is  not 
covered  by  basalt.  The  existence  of  this 
basalt  in  such  an  elevated  situation,  separa- 
ted from  any  stone  of  a  similar  kind,  excited 
my  surprise;  but  I  found  on  further  exami- 
nation, that  a  vast  fissure  or  dyke,  more  than 
one  hundred  yards  wide,  filled  w^ith  the  same 
basalt,  intersected  the  hill,  cutting  through 
the  coal  fields.     It  rises  from  an  unknown 

depth. 
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depth,  and  appears  to  have  forced  a  part  of 
4he  coal  to  the  surface.     Where  the  basalt 
<M>nies  in  contact  with  coal,  it  has  injured  its 
Cjuality,  and  reduced  it  to  a  sooty  state.  Some 
idea  of  the  position  of  the  coal  fields  and  the 
iMsalt  may  be  formed  by  referring  to  plate  IIL 
fig,  2,  where  D  represents  the  dyke  of  ba- 
salt intersecting  the  coal  strata  ccr,  and  bbb 
Uocks  of  basalt*.     There  can  scarcely  be  a 
doubt  that  this  basalt  was  once  in  a  slate  of 
fosion,  and  forced  a  passage  for  its  eruption 
where  the  present  basaltic  dyke  rises  through 
the  coal  strata. 

-  Mr.  Bailey,  in  his  Survey  of  the  Countj 
of  Durham,  gives  a  description  of  a  dyke  of 
vhin-stone  or  basalt,  which  intersects  the 
ooai  fields  in  a  part  of  that  county,  extend-- 
iDg  from  Cockfield  fell,  by  Bolam,  to  Ay  ton 
ia  Cleveland  :  it  casts  down  the  strata  on  one 
^e  twelve  yards :  it  is  about  seventeen  yards 
ia. breadth.  Where  it  comes  in  contact  with 
tile  seams  of  coal,  the  substance  of  the  coal 


«-:■ 


*  The  fig.  2,  plate  III.  may  serve  to  convey  a  general 
>deaof  the  position  of  the  basalt  dyke.  A  more  correct  re- 
presentation was  taken  at  the  place;  it  was  given  to  a  gen- 
tlJ^inan^  since  deceased,  or  would  h^vc  been  inbcrCed  in 
tHis  voluxne. 

L  2  for 
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ibr  several  feet  is  converted  into  soot.  «  At  a 
greater  distance  from  the  basalt  the  coal  is 
reduced  to  a  coak  or  cinder,  which  bums 
without  smoke,  and  with  a  clear  and  durable 
lieBt.  :  At  the  distance  of  iifly  feet  from  tlie 
dyke  the  coal  is  found  in  ite  natural  unaltersd 
-Btate.!  It  is  particularly  remarkable  that  the 
roof  immediately  over  the  coal  is  lined  with 
J^nght  crystals  of  sulphur,  which  were  pro- 
Jsebiy  sublimed  during  the  eruption  of  the 
imcdted  basalt*.  In  the  facts  described  by 
Mr.  Bailey  we  recognise  every  circumstance 
which  might  be  expected  from  the  agency  of 
subterranean  fire,  buc  which  it  would  be  ex- 
tremely difficult  to  reconcile  with  the  trqM^ 
ous  formation  of  basalt.  ^^ 

•  Having  had  an  opportunity  of  e5tamining 
this  basaltic  dyke,  since  the  first  edition  of 
this  work  was  published,  it  will  be  more  par- 
ticularly described  in  the  subsequent  (ihop- 
ters;  it  passes  through  the  Cleveland 'hills 
eastward,  and  through  the  county  of  Dur- 
ham on  the  west,  where  it  expands,  andiis 


/ 
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>  ,*  lu  .almost  every  kind  Qf  pit  coal  there  is  aqua^UtJ-^ 
pyrites  or  sulphur  comhincd  with  iron,  hy  miner^  called 
brass  lumps,  from  their  resemblance  to  brass ;  this  sulphur 
is  separated  and  sublimed^  or  driven  off  by  heaC 

supposed 
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supposed  to  be  the  same  winch  Ibrms  the 
basaltic  rocks  and  columns  on  the  banks  of 
the  river  Tees  in  that  country.     The  stone  is 
of  a  daric  or  blackish  brown  colour,  which  is 
S00Q>  I  covered  with  an  ocherous  incrustation 
hjjf'esposure  to  the .  atmosphere ;    it  is   6ne 
grained  and  nearly  compact,  some  crystals 
<)f  4>omblende  are  dispersed  in  it.     It  is  ex«> 
tromely  hard,  and  is  quarried  in  various  parts 
of  its  course  for  the  purpose  of  mending  the 
xMds.  It  rises  to  the  surface  along  an  extent 
AfffSixty  or  seventy  miles. 
'    The  basaltic  columns  in  the  upper  part  of 
Teesdale  are  of  considerable  magnitude ;  at 
Holwick  they  are  from  thirty  to  forty  feet  in 
length.     Caldron  Snout,  a  water-fall  on  the 
agiver  above  that   called  Tees-force,   is  sur- 
jroimded   by  ba.«*altic  columns.     The   basalt 
(green-stone)  at  Tees-force  is  composed  of 
white  felspar  and  hornblende,  it  rests  on  black 
lime*stone  containing  organic  remains. 

Among  basaltic  rocks  may  be  enumerated 
grey-'Stone,  which  differs   little  from  green- 
stone except  in  its  colour;  it  consists  of  white 
felspar  and  black  hornblende ;   it  passes  into 
\)asalt.    * 

Clink-stone  and  clink-stone  porphyry,  so 

called 
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called  on  account  of  the  metallic  sound  whici 
they  yield  when  struck,  are  in  their  constitu 
ent  parts  nearly  allied  to  basalt,  and  like  i 
contain  a  quantity,  of  soda  in  their  conipos 
tion.  They  appear  to  be  an  intermixture  c 
compact  felspar  or  clay-stone  with  basal 
Clay-stone  may  be  considered  as  compact  fe 
spar,  but  in  a  more  earthy  state. 

Basaltic  mount^iins  are  frequently  isolate 
and  conical,  but  have  sometimes  flat  tabalii 
summits. 

"  In  the  Canary  Islands,  in  the  mountair 
of  Auvcrgne,  in  Bohemia,  in  Mexico,  and  o 
the  banks  of  the  Ganges,  the  formation  ( 
trap  and  basalt  is  indicated  by  a  symmetries 
arranjjement  of  the  mountains  by  truncate 
cones,  .sometimes  isolated,  sometimes  groupe 
and  by  elevaled  plains,  both  extremities  t 
uhioh  are  crowned  by  a  conical  ring.  Thes 
rounded  tops,  in  the  form  of  domes,  or  belli 
of  porphyry  or  ba^valt,  arc  supposed  by  som 
philosophers  to  have  been  heated  in  their  or: 
ginal  situations  below  the  surface,  and  force 
up  in*  a  soUened  state,  without  having  eve 
flowed  as  real  stony  lavas  *.^' 


*  Humboldt's  R^carches, 

Whe 
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When  basalt  is  decomposed,  and  intermixt 
with  fragments  of  rock  cemented  by  loose  clay^ 
it  iiicaUed  basaltic  tufa^,  Sonie  basalts  deco9)fp 
pose  rapidly,  and  form  productive  soils.     I 
hsLve  seen  a  mound  formed  of  basalt  that|i84 
beea  got  out  of  a  mine  by  blasting  with  gwnr 
powder,  and  \vhich  a  respectable  miner  \n^ 
formed  me  was  once  extremely  hard  and  re- 
sisted the  point  of  the  pick  ;  but  by  exposure 
to  the  air  for  thirty  years  it  was  converted 
into  a  rich  mould,  and  covered  with  a  lux- 
uriant crop  of  vegetables.'    Some  very  dark- 
coloured  compact  basalts  and  lavas  appear  W 
resist  the  decomposing  eflects  of  the  atmp* 
sphere  more  powerfully  than  any  stone.    Th^ 
a^rities  and  protuberances  on  the  basaltioi 
rocks  in  Auvergne.are  described  by  P'Au?i 
buisson  as  pieserving  all  Uie  appearance^  of 
the  recent  action  of  volcanic  fire,  and  are  i»> 
fresh,  that  he  says  it  seems  as  if  the  melted 
matter  were  still  trickling  from  them,  ^  ils 
«emblent  degoutter  eiM^ore/     The  antiquity 
of  these  rocks  is  lost  in  the  darkness  of  past 
ages,  as  the  volcanoes  of  A  uvergne  were  an- 
terior to.historic  records,  and  probably  to  the 
present  condition  of  the  globe. 

CHAP- 


SALT  FoiwikuiTiitif'S.yii^bno^eg 
Strata  of^r&is^da^Jt^dm^dimit^^^Ai  ~ 

SiiccOsid^ff  Qr^Hfc  iJ^m^fmmtM^nii  the 

changes  which  have  takm^jf^cfi^tfi  ^i^i0tff^ 
of  the  globe.— llocj^.jlgilt^^ 
ons  respecting  their  Origin. — Valleif^i^^^oekr 
Salt  at  Cardpna  in  Spfiny^^Rpck-SfiUofj^A^^^ 
shire  and  various  paints  of  the  world.— Ok  the 
Accumulation  of  Salt  in  the  Ocean.       *  "X 

Oecondary  stratified  rocks  afir^tvideljl  ex- 
tended  over  the  globe.     They  formiicg^tle 
swelHng  hills,  which  seldonicaiffe  sCKxia '^reat 
el^atiou.  ■*  Tiiey  contaijD'^!fe\r  metaJlid  onel ; 
bul^»r62  tbe  ■  reposrtories  of  tH^  Toibsb  lusrftil  \ 
trcQijdureB  pfthe  Hitocnal  kingddni,  eobl^tiro^^ 
stoBe/furidriecfcHsdt/:''  iDi&'tricte' c^ 
seoondarjrrocksncbndtknte  ^eifiebitbblepOTb^' 
o^^lfaelvrocUiir  Alpine  inDiratQim>are^d^»6mii:^ 
with  eternal  show,-o^  -exposed  to  the  fury 

mals  he  Ka*^H(A(Wsticatfed  fctiil'fiwd  tB^'iSekiis 
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of  support.  On  the  contmry,  countries  form- 
ed of  secondary  ioekii*  are '  gefdefally  capable 
of  cultivation  ovqr  the  whole  surface. 

Secondary  rocks  indude 

1  Siliceous  sand-stone  or  ^t-stone. 

2  Argillaceous  sand-stone  knd  shale  ^t 

3  Earthy  lime-stone* 

4  Calcareous  sandrstonftt 
5thalk, 

They  contain  beds  of 

Gypsum. 

Ropk*^salt. 

Iron-stone*  ^' 

Coal, 

Trap  or  basalt. 
In  what  I  am  about  to  statPf  it  will  ba 
perceived  that  the  arrangement  and  success 
sioo  of  the  rocks  of  this  class  vary  in  dif* 
ferent  countries.  Where  they  exist  in  an 
uninterrupted  series,  descending  from  moun<- 
tiim  of  granite,  slate,  and  metalUferous  lime* 

*  Shale  it  a  more  diitinct  term  to  dedgaste  diis  nib*! 
•Imee  than  date-day,  wMeh  may  be  eonfomided  with 
c(sf-«late  or  argillaeeoua  schitt*  Shak  is  principally 
formed  of  clay  more  or  km  iadliratedj  approaqhiag  to 
die  Qiality  qf  slate.  It  divides  into  fiates  or  lamias : 
^nce  in  the  northeru  counties  it  is  eaUsd  plats, 

stone. 
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sfame,  to  the/aeashoi^^^l^jifraqiieotijsoccw 

iojihg  foikming  order  c-t^EintV  coaraefudicooaa 
MBoA-Btam  apd  ahda  o^venngfrnetattiferoos 
lioie-«tQiie ;  nest,  fti^Uaceous  a^nd-flt6ne.aDd 
dhak^  (X>ntainii^iroorfitbne:aDd  itoaly.inter- 
mUt  with  fioer-^grained  ailtceous  sand^stonu; 
after  these»  earthy  Ik^e^etone  an^  tliSerant 
kindtof  saad^stone;  and  hstly^  chalky. arhioh 
waa  conaidered  as  the  most  recent  formlvt]^ 
of  time,  until  the  late  discovery  ofvcakareotis 
strata  over  it  considered  by  some  geofogi^ 
as  a  fresh-water  formation*         .  ju  i. 

Most  of  the  rocks  called  secondary  are 
generally  distinctly  stratified,  and  ^some  of 
them  contain  water-worn  fragments  and  peb^ 
bles  of  other  rocks.  When  they  are.  princi- 
pally composed  of  the  debris  of  other  rocks^ 
they  have  been  sometimes  denominated  tfiri- 

tiary.  Geologists  have  generally.admittedtbat 
aeoondary  rocks  were  arranged  by  theiageHoy 
of  water.  It  has  been  supposed  that.tbey 
owe  the  regularity  of  their  UratifitXition  to 
Uis.actioa  of  the  tides;,  but  it  is  dii^ult  to 
canoeive  that  this  has  been,  the  €aM><)i(ttJK 
coidr  The  German  geologists  assert  ithut 
secondary  rocks  as  well  as  primary  constitute 
what  they  call  universal  formations,  and  are 

tQ 
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!•  be  mat  wieth  iq  .eferjr:coaftteyy%mg::'Over 
eoofarollier  m .  <mi6  d^enDbntftioydefgi  lnU;af 
fch&weratraet.  we alu>iildtttot  pereeroe-4lurt 
gnat  diveraity  whieb  ev/^ry  ^whera  pim^ftilspi: 

rJnxiQ  part  of  EjiglaBdawi(^tviiiDh<i)ai«a6* 
quainCed  do  tbeieooiidarjrstYatcDa^ree  Mrith 
the  antrngementB  of .  WfernirtBd  Ofie3f(bause  df 
this  difi^rence  results  fromci  10 ^£lMl3aadiitit()^ 
by  Werner  and  his  diKiple8v^:=Wbp^iBtMiQgveed 
that  many  of  the  seeonddry  istrali^iai^^ipHH* 
cipally  formed  from  the  debris ^enfre^iaMits 
of  pre-existing  rocks.  If  sudK  be*  ^Mir  ori* 
gin,  it  is  to  be  expected  that  ibey  wilLwary 
according  to  the  nature  of  the '  mountaiite  in 
their  vicinity  at  the  time  of  their  formation. 

In  some  situations  elevated  ranges  of -moun*^ 
tains  have  been  rapidly  decomp08ed^;4n  'others 
they  have  resisted  the  action  of-the  ekifietitid : 
lieface  we  may  expect  that  dtd^rifft' districts 
idriH  'liave  a  great  diversity  of  seccmds^^isQrata, 
nod  such  is  found  to  be  the  &ctl  Tht^igh  I 
aw^#  from  admitting  that 'the  greatilr  part 
4)f  the  str&ta  called  t  seoDndaigr>aret>niiechanioal 
4topo$kions'(€te0i'dbap4)etfs  •Sfiand  iKViy^umne 
i^^thdm  are  ^tidehdy  s^  w  f^  fflti£h  idtt»* 

»J*t' with  oweehamcal  d^ositej   -  /-.nfj  r^- 
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Many  lime-Stone  mountaios  we  piificipallyr 
fotroed  of  one  species  of  marine  ebells.'  in^ 
aome  of  the  strata  they  are  distinctly  peir 
ceptible,  and  compose  nearly  the  whole  mfiSa,; 
but  we  cannot  suppose  that  beds  of  one  pa|w 
tnHilar  kind  of  shell-fish  have  at  any  timA 
encircled  the  whole  globe.  Lime*stone  mosl 
tiierefore  exist  partially  in  different  coitttiie% 
and  be  entirely  wanting  in  many  ntuatione: 
-^tbis  is  confirmed  by  numerous  observations. 
And  it  not  only  holds  true  with  respect  -to 
limestone  composed  principally  of  organic 
remains,  but  of  other  lime«stones  in  which  no 
such  remains  occur.  But  the  prmcipal  argu« 
meat  against  the  universal  formation  of  $fs^ 
condary  strata  rests  on  the  fact  that  there 
is  no  stratum  which  has,  or  can  be,  traced 
over  any  very  considerable  portion  of  the 
globe ;  and  even  where  a  stratum  has  been 
traced  to  the  distance  of  several  miles,  it  fre* 
quently  varies  so  much  in  its  thickness  and 
contents  as  to  render  its  identity  doubtful. 

The  rocks  of  the  second  class,  called  trans** 
ition  rocks,  have  been  before  described  as 
containing  remains  of  zoophytes,  and  marine 
animals,  which  no  longer  exist  on  the  globe^ 

In 


fife(i0iiJAi'^Wifb'impi<ei^6i)s^f  vtg«Mbies,dcafd 
ctf M^i^  '^m\»  >cafb«iiactt»«te  >  \snd  'intMkkd^fiM 

IMMdfieoidv  '^Fbe  striking' eUthigd^n  thti  M^ 
MiM'bMHese'ovganic  remains')'  ^liAf  ttiAnne%un'>' 
rttfS)46iY«gettfbles,  markfei  diaQ  {i-^atv«tbl^ 

'pfHi^tit  \Hytkin«nts;-  dfter.-tli^  forirtlilioM  •'ef  the 
iioidt!ftin'IitlieJst<yne,  and  beifi!»^e'«heMe^^ 
iHAfi^lyfnte  (u»ttlM§'tmtti.  '  To'tf*<h«teVi^eJeailgfe 
M  W faihttipibute  this^  bh&ii|»(?;'  it <hia»'&9«d 
b3't^dH4^ii^d< with  atiothe^  efleet  rityt'l^ss't^ 
Iteri&ble'; '  rfRer  thisi]{)feTi6d  tlie '  fbhntction  of 
ikifefttllfeTfeiAii  apptar«  to  havfe  alitibst^dfittlir^Jy 
<?^«fl,  fdr  tl4ey  tery  rarely  shoot  itiJihVo'thB 
iedondarV^^rftta  which  alternate^\\ith  roial. 
i-j^r^;ija\^  *  Temarkable  mstancfe  of'tlws 
diliAfge  frcnh  nmnial  to  vegetoblfe  rfehiafti^  in 
%fe  pttevailin^  rocks  of  some  of*  tfte  HbHhttn 
connikek.-  '*  Tlie-  toetnlfifctbus  -^  nibun^ni  lof 

,ry 

lffe^six>n^  M*ridi-exterfd  ihiDugH  thd  Peak  of 
^eHj^sliire,'  arid  tlirough  Chiveii^'ri'  Y6rk- 
^iiii^'  abtfurid  ^eicliisivdy  'with-  thb  oi^anic 
reitifMns' '  of '  marine  animals.  Tliey  ire  cb- 
Tcred  on  the  eastern  side  by  two  ihick  beds 
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which  contain  carbonaceous  and  bituminous 
matter   and    vegetable    impressions.      The 
lowest  is  from  one  hundred  and  6fty  to  one 
hundred  and  seventy  yards  in  thickness.     It 
it  called   by  Mr.  Farey^  lime-stone  shale, 
-because  it  occurs   over   lime-stone.      It  is 
•composed  principally  of  thin  strata  of  shale 
€Uid   sand-stone.      Where  it   is   exposed  to 
the  air  it  is  of  a  dark  reddish  brown  colour ; 
orer  this  lies  a  bed  of  coarse  grained  aili- 
^seous   sand-stone,  not  less    than   one   hun- 
dred and  thirty  yards  in  thickness.     It  has 
been  called  mill-stone   grit  by  Mr.  White- 
hurst  and  the  miners  in  the  north  of  Rnr 
gland,  from  being  used  for  the  purposes^ 
millt-stones.     These  two  beds  separate  the 
metalliferous  lime-stone  from  the  coal  strata 
in  that  part  of  England ;  for,  though  thin 
seams  of  coal  sometimes  are  met  with,  thev 
do  not  contain  any  of  sufHcient  thickness  to 
be  worked,  except,  indeed,  what  sometimes 
occur  in  detached  basins  or  hollows  formed 
in   these   beds,  provincially  called    swilleys. 
Such  coal  basins  are  also  found  in  the  lowest 
red  sand-stone  on  the  western  side  of  En- 
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gland.  The  occarrence  of  these  detached 
tiries  of  strata  in  basinnsfaapcd  concavities 
afii»rds  reason  to  believe  that  these  faoUc^ws 
vera -once  lakes,  at  a  period  when  the  pre^ 
sent  continents  were  emerging  from  the  ocean. 
That  lakes  both  of  salt  and  fresh  water^  of 
vast  extent,  have  once  covered  a  consider^- 
dtile  part  of  the  dry  land,  is  rendered  exr 
tremely  probable  by  a  variety  of  existing 
monuments.  Such  must  in  fact  liave  been 
the  case  before  rivers  and  currents  had  opened 
a  passage  from  the  higher  valleys  to  t^ 
lower  plains.  At  this  aera  m6st  of  the  great 
formations  of  rock-salt  appear  to  have  com- 
iWenced,  prior  to  the  formation  of  the  coal 
i strata,  for  they  occur  in  beds  whose  geolo*> 
^cal  position  is  subjacent  to  the  regular  coal 
formations. 

The  lowest  red  sand  rock,  described  in  the 
fourth  chapter,  has  been  considered  as  the 
peculiar  repository  of  rock-salt ;  but  it  may 
more  properly  be  said  to  be  surrounded  by 
this  rock  lying  in  basins  or  hollows,  covered 
by  beds  of  indurated  clay-gypsum  and  marie, 
but  not  by  the  red  sand-rock  itself. 

The  occasional  occurrence  of  brine-springs 
in  the  lower  sQjries  of  coal  strata  proves  the 

existence 
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existciice  of  rock-salt  below.  These  «6trat|i 
generally  lie  in  basin-shaped  concavities^  and 
have  probably  been  formed  in  valleys  which 
were  once  lakes.  Were  we  well  acquainted 
with  the  peculiarities  of  many  of  the  prin- 
cipal rock-salt  formations,  we  should  perhaps 
discover  that  their  original  formation  had  also 
been  in  hollows  or  lakes.  The  rock-salt  far- 
niation  at  Cardona,  in  the  province  of  Cata*- 
Ionia,  affords  an  illustration  of  this  mode  of 
formation.  From  a  drawing  and  description 
by  the  Count  Alexander  La  Bordc,  given  in 
his  magnificent  work  (Voyages  Pittoresques 
dans  TEspagne),  and  from  personal  commu- 
nication with  that  intelligent  trjiveller,  I  am 
enabled  to  give  an  account  of  this  remark- 
able  valley,  hitherto  so  imperfectly  known  in 
this  country. 

**  The  salt  district  of  Cardona  compre- 
hends tlie  hill  on  which  the  town  is  situated, 
and  the  environs  of  more  than  a  league  in 
circumference.  The  surface  is  almost  every 
where  covered  with  vegetable  soil  to  the 
depth  of  six  inches  or  more,  which  renders 
it  productive.  The  place  where  the  rock-salt 
is  procured  is  a  valley  forming  an  oval,  about 
one  mile  and  a  half  in  length,  and  half  a 

milfe 
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Mile  in  breadth  from  east  to  west,  extending 
from  the  Castle  of  Cardona  to  the  promon^ 
torj  of  red  salt  at  the  other  end.     The  last 
is  the  most  considerable  of  the  salt  rocks, 
and  has  not  yet  been  worked ;  it  is  six  hun- 
dred and  sixty-three  feet  in  heights  and  twelve 
hundred  and  twenty  feet  in  breadth  at  its 
bttse.  This  valley  is  also  traversed  by  a  chain 
of  hills  of  rock-salt :  besides  these,  there  are 
other  rocks  of  salt  at   the  feet  of  the  for* 
tress,  and  upon  the  declivity  of  the  moun- 
tain which  stretches  to  the  fountain  called 
Cancunillo.     The  mountain  of  red  salt  is  so 
Called  because  that  colour  predominates;  but. 
the  colours  varv  with  the  altitude  of  the  sun« 
and  the  greater  or  less  quantity  of  rain.    At 
the  foot  of  this  mountain  a  spring  of  water 
issues,   which   comes  through  a   fissure  we 
perceive  on  the  summit.     The  rivulet  runs 
all  along  the  valley  from  the  east,  but  passes 
under  ground  in  part  of  its  course,  particu* 
lariy  under  the  hill  where  the  rock-salt  if 
mined ;  it  rises  again  to  the  surface  at  a 
little  distance ;  and,  after  running  along  the 
plain,  discharges  itself  into  the  river  Car* 
dona.   This  brook  in  rainy  seasons  swells  the 
waters  of  the  river,  which  then  become  salt, 

H  and 
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and  destroy  the  fish.  But  at  three  leagoes 
lower  the  water  has  no  perceptible  taste  of 
salt.  All  these  salt-mountains  are  intersected 
by  crevices  and  chasms,  and  have  also  spa-* 
cious  grottoes,  where  are  found  stalactites  of 
salt  shaped  like  bunches  of  grapes,  and  of 
various  colours.  ^^  Nothing  can  compare  with 
the  magnificence  of  the  spectacle  which  the 
mountain  of  Cardona  exhibits  at  sunrise. 
Besides  the  beautiful  forms  which  it  presents^ 
it  appears  to  rise  above  the  river  like  a  moiin*- 
tain  of  precious  gems,  displaying  the  vanoo^' 
colours  produced  by  the  refif^ction  of  the  solar 
rays  through  a  prism.  Thus  the  imagination 
of  the  Arabian  poets  pictured  their  palaces  of 
diamonds  constructed  by  fairies  and  genii  in 
the  solitudes  of  Asia*/'  (the  Count  adds)  '*  Aux 
environs  de  Cardona,  oii  Ton  pent  contempler 
de  loin  le  beau  spectacle  de  la  montagne^ 
qui  se  developpe  sous  le  firmament  azur  de 
TEspagne,  on  croit  voir  un  arc  en  ciel  tomb6 
sur  la  terre,  ou  le  Mont  Olympe,  lorsquo  Ju- 
piter et  tons  les  dieux  descendent  y  tenir 
leur  cour.  Le  fleuve  Cardona,  qui  coule  da 
milieu  des  oliviers  et  des  lauriers  roses,  donne 
rid6e  de  Fenie  par^e  des  arbres  de  Minerva 
et  d'Apollon/' 

Jravellers 
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Tfarellers  had  described  the  rock-salt'  of 
[Jardoiia  as  a  detached  mountain,  which  gave 
I  -very  erroneous  idea  of  the  places    Though 
he  salt  here  is  of  various  colours,  the  most  pre^ ' 
'ailing  are  red  and  dark  green,  verdfancS. 
i'^he  annexed  plate  will  give  a  more  dU^ 
tinct  idea  of  thin  formation  of  salt  than  the ' 
DOst  elaborate  description  alone  can  possibly 
«)nvey.    The  Count  obligingly  gave  instruc-* 
ions  respecting  the  colouring. 

It  is  a  bird's  eye  view,  commanding  th0> 
ilevated  plain  in  which  the  valley  is  exca- 
vated as  well  as  the  valley  itself,  the  lofty 
hffk  of  rock-salt  on  its  sides,  the  chain  of 
lills  of  rock-salt  which  range  along  it,  and 
he  promontory  of  red  salt  at  the  further  ex- 
remitv,   M-ith   the   river  Cardona   and   the 
nountain  of  salt  on  which  the  town  is  situ- 
ated, at  the  nearer  end  of  the  valley.     The 
eeond  rock  in  the  valley  is  that  which  is  at 
iresent  worked  for  salt,  and  under  this  the 
ivulet  passes  in  a  subterranean  channel.  The  ^ 
«sis  of  the  whole  plain  is  composed  of  rock-*^ 
alt,  but  the  surface  is  covered  with  soil,  andi 
planted  with  vineyards.  It  was  probably  once  • 
he  bottom  of  a  salt  lake,  of  which  the  distant ' 
nountains  formed  part  of  the  boundafj;^  ^  •    ' 

M  2  There 
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There  is  an  extensive  formation  of  rock<^ 
salt^  stretching^  on  each  side  of  the  Carpa« 
thian  mountaina  fof*  six  hundred  miles,  from 
Welielaka  in  Poland  towards  the  north,  to 
Biame  in  Moldavia  on  the  south.  It  haa 
indeed  i  been  observed  that  rook-salt  and 
brinendprii^s  most  generally  occur  near^'  the 
ftet  of  extensive  mountain  ranges,  which 
adds  probability  to  the  opinion  that  these 
ranges  nvere  once  the  boundaries  of  extensive 
satti  lakes* 

iniThe  principal  salt  formation  of  England  ex-^ 
tarfds  at  some  little  distance  from  the  westera 
side  of  the  hilb  which  divide  the  rivers  that 
ftowinto  the  eastern  andi western  sea« 

^  The  rock-salt  of  Cheshire- cannot  properly 
bet  said  to  lie  in  or  under  the  red  sand  rode: 
be&re  described,  but  i^  surrounded  by  it,  and 
pnilrabLy  peats  upon  k ;'  but? as  tke  lowest  bed 
o£^alt  has  not  been  sunk  thvongh,  this  cannoit' 
be;3^t  aacertained.  <  The  upper  bed  <of  rroelb* 
sakimidiaA  •county  i9>  abMit  jiMty<<twa  yanU 
bdioiw  theawfiitteo  it«i»:twenty- six  yards  ftbidm 
abd  ti& JqparMed^ora  the  lower  bed  tif  satt  by 
autfratute  of  argillaceouBStooe'leB  yards  tbiclk 
Ibeitfwef  csaillhai  been  lunkinto  foity:  yardh.i 
The  ngfUi  heil,va»  diacovesfed  aboiitia:bB9K 

Hiu:  dred 
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dred  and  forty  years  since  in  searching  for 
coal.  Rock-salt  at  Northwich  extends  inr  a 
direction  from  N.  E.  to  S.  W.  one  mile  and  a' 
half:  its  further  extent  in  thiif  direction  hab 
not  been  ascertained ;  its  breadth  is  about 
fourteen  hundred  yards.  In  another  part  of 
Cheshire  three  beds  of  rock-salt  have  been 
founds  The  uppermost  is  four  feet,  the  se« 
cond  twelve  feet,  and  the  lower  has  been 
sank  into  twenty-five  yards,  but  is  not  cut 
through.  Besides  the  beds  of  rock-salt,  nu- 
merous brine  springs,  containing  more  than 
95  per  cent  of  salt»  rise  in  that  county.  The 
transparent  specimens  of  rock-salt  are  nearly 
free  from  foreign  impurities,  and  contain 
scarcely  any  water  of  crystallization.  In  sea 
Water  a  large  portion  of  muriate  and  sulphate 
of  magnesia  is  found,  which  gives  it  that 
l^ttbT  nauseous  taste  distinct  from  its  salt« 
ness.  This  difference  in  the  composition  of 
sea-water  and  of  rock-salt  might  seem  to  in* 
dicate  that  rock-salt  was  not,  as  some  sup- 
pose, produced  by  the  evaporation  of  sea* 
water.  But  if  it  were  formed  in  detached 
lakes,  it  is  possible  that  the  waters  of  these 
lakes  did  not  contain  precisely  the  same  salts 
in  solution  as  those  of  the  sea.    We  know 

that 
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that  the  waters  of  wme  of  the  salt  lakes  ex« 
isting  at  present  difier  in  their  contents  from 
seai^ater.  If^  however,  the  ei-upoiiation  were 
very  slow,  the  salt  of  the  ocean  woold  sepa«- 
rate  from  all  its  impurities  bj  crystaUiRtatioQ, 
ahd  the  latter,  being  more  deliquescent^  tilight 
be  washed  away.  »  iv»o 

It  may  deserve  notice,  that  few,  if  anjT^Ae* 

mains  of  marine  or  other  organized  >  bqdies 

are  fouqd-  in  the  beds  accompanying '  tAie 

rock-salt  of  Cheshire.     In  the  Polish  j  salt* 

mines  bivalve  shells  and  the  claws  of  tniM 

ai^  m6t  with  in  the  upper  strata  of  marie ; 

and  vegetable  impressions  in  the  bediCOf^r* 

*}ng  the  lower  salt,  at  the  depth  of  two4iun^ 

dr^d  and  t\^nty«-five  yards  from  the  surfs^^ 

The  salt  formation  at  Droitwich  in  Wor* 

ccstershire  appears  to  be  surrounded  'by  the 

^me  kind  of  rock,  and  covered  with  similar 

beds  of  gypsum  and  marie  to  thatof  CBer 

'  $hir0.     Here  the  rock-salt,  though  Us  exists 

..JRP:<??  te^  %«  proved  by  Ijoring, .^ ,xio.;>K]^^fe 

,iWork«d#.   Th^rSalt  is  .procured  by.^vftpor^jipg 

4be  watfr,  wM^  is  'njearly  saturated  \vifih  it. 

Salt  springs  occur  in   some  of  the  cdal 

^S^t»;^^..Q^:  N9r,thMmberUind  apd.  ]&url|am^,|.tir, 

i.>lipukrI^,at..JU(?Ag  3eptpD,  .i«^;,tfae  ,%-iner 

county, 
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county,  where  the  proprietors  have<  the  ex* 

elusive  privilege  of  extracting  soda  from  it 
^  I  mthout  paying  the  regular  duty.     A  spring 

of  brine   rises   in   the    river  Wear,    in   the 

county  of  Durham. 
^\^^  Brine  springs,  containing  from  5  to  6  per 

cent,  of  salt,  rise  in  the   coal    mines  near 
^£.  i*  Ashby  de  la  Zouch  in  Leicestershire,  at  the 

^ifcs  depth  of  two  hundred  and  twenty-five  yards 

tke  under  the  surface.    A  weaker  brine  also  rises 

^h«  i  ^^  in  the  upper  strata :  it  springs  through  fis- 
labi  i  ^^  sures  in  the  coal,  attended  with  a  hi^fting 
irle;  1  noise  occasioned  by  the  emission  of  hydro- 

»er»  I  gen  gas. 

lun-  I  I  examined  these  mines  belonging  to  the 

ce.    I  Earl  of  Moim  in  the  summer  of  1813  ;  they 

or*   I  are  situated  at  Ashby  Wolds,  in  the  .  very 

centre  of  England*;  and  what  may  Appear 

t^    i  .  ^  From  some  experiments  I  made  to  df tem^JQe  the 

strength  and  purity  of  tliis  brine,  and  the  quantity  sup- 
]pHm  by  the  brine  from  two  mines  per  diay;  I  li^iceki^tiied 

^     I  '-  tliAt  iienrly  eight  hundred  tont)  of  salt  are  thlrhimi.M^^y 

anmially,  which  might  he  evaporated  at  a  vefyr|niSii|g^- 
ipense,  as  the  small  coal  at  hand^  which  would  wsr^^  for 
the  purpose^  is  made  no  use  of.  But  here^asin  numerous 
hither  instances,  the  excise  laws  present  an  insuperable  l>ar 
to  tH^  profitable  application  of  out  own  natural  ridies*  For 

the 
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remarkable  in  this  skuatioOf  they  are  worked 
one  hundred  and  forty  yards*  below  the«  level 
of  the  sea,  which,  is  ascertained  from  the  le« 
veb  of  the  canal  thai;  passes  by  the  pit&i*  Had 
this  circumstance  been  knowo'  before  the*  atrj 
tention  of  geologists  was  directed  to  the  struc* 
ture  of  the  earth's  surface^  it  would  have  beem 
inferred  that  brine  springs  so  fiur  below  the ' 
level  of  the  ^ea  had  their  source  from  the  vna^ 
ters  of  the  ocean  percolating  through  fissures^ 
in  the  earth.  .:  s^ii.      ^ 

Rock-salt  occurs  sometimes  in  very  idtfMi     ^ 
vfted  situations,  as  in  Peru,  where  it  is  found  \ 

HI  ■        I  ■*  ■  ■  ■         ■«      i  4  "^ 

the  duty  bean  such  an  overwhelming  proportion  td  the^ 

amount^  and  requires  ao  much  ci^tal,  that  eight  hundned 

tons  it  too  small  a  quantity  to  support  an  estat^lish^t^ntfor 

the  manufacture  of  salt.     Under  a  system  so  vexatious  as 

that  of  the  excise,  with  its  train  of  spies  and  informers,  ho 

improvement  dare  be  attempted  in  the  mantifiictiire  of  soda; 

and  salts  prepared  chemically ;  die  exdse  is  in  £sct  a  pro^ 

hibition  to  tJbe  manufacture  of  soda,  except  for  one  purpo$^ 

only,  the  making  of  glass.    Thus  we  are  compelled  to  im-i^ 

port  from  other  countries,  at  a  heavy  expense,  what  we 

throw  away  atliome.    No  blame,  however,  cah  pos^Hty 

attach  tO'Our  present  or  late  ministerB  for  the  existtotee  ef 

a  system  long  since  est^^shed.    4)r.  J^hpson,  in  his  I>io« 

tionary,  half  a  century  ago,  defined  the  excise  to  be/'  a 

hatefiil  tax  on  commodities,  not  adjudged  by  the  common 

jjildgerof  ptoperty/* 

at 
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ut  .the  height  of  nine  thousand  feet  lihoVe  the ' 
lorel  of  the  sea^  accompanied  with  sand-stone 
and  gjpsunu  It  may  however  deserve  inquiry^ 
i^ether<  rock-salt  ever  exists  bat  where  there' 
is  9tili[ (higher 'gronnd  in  its  vicinity.  The  salt' 
in  the-soil  near  the  Caspian  eea  and  the  sea 
ofiuAral  may  pi'abably  have  been  left  when 
those  seas  were  contracting  their  'bounds^ 

-^  jiie  lofty  deserts  of  Caramaniaini^Aitia, 
according  to  Chardin,  rockrsalt  is  soabutt«* 
dantt  and  the  atmosphere  so  dry, :  that 'the i 
inhabitants  use  it  as  stone  for  building  tirtir 
houses.     This  mineral  is  also  found  on«'»the^ 
whole  elevated  table  land  of  Great  Tartary, 
Thibet,  and  Indoistan.     Extensive  ^  plains  iar 
Berfta  are  covered  with  a  saline  efflorescenoej' 
ahd  according  to  the  account  of  travellers^' 
the  island  of  Ormus,  in  the  Persian  Gulfy  is 
ontsi  Jarge  mass  of  rock-salt.  r 

•cOn  the  banks  of  the  river  Missouri  in 
!North  America,  a  chain  of  mountains  is  siiid 
*o  extend  eighty  miles  in  length  and  fo^y-. 
iiv)s  in  breadth,  and  of  considerable  height^  • 
consisting  of  pure  rock-salt,  barely  covered 
>nth  earth,  but  without  any  tree  of  shrdb.^ 
It  exists  also  in  the  state  of  Kentucky,    llie 
repositories  of  this  mineral  are  there  called . 
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Licksy  because  the  herds  of  wild  cattle  for- 
merly repaired  to  them  to  lick  the  soil  im- 
pregnated with  salt.  Near  to  these  places  the 
immense  bones  of  the  great  Mastodon  or 
Mammoth  are  frequently  found  at  a  small 
depth  below  the  surface.  According  to  the 
account  of  Hornemann,  there  is  a  mass  of  rock- 
salt  spread  over  the  mountains  that  bound 
the  desert  of  Libya  to  the  norths  so  vast  that 
no  eye  can  reach  its  termination  in  one  direc- 
tion,  and  its  breadth  he  computed  to  be  se« 
veral  miles.  Rock^alt  has  also  been  found 
in  New  South  Wales. 

It  would  exceed  the  limits  intended  for 
the  present  volume  to  enui^erate  the  differeQt 
places  in  which  this  valuable  mineral  occurs. 
I  only  propose  to  note  the  more  remarkable 
situations  presenting  pha^nomena  that  may 
tend  to  illustrate  the  mode  of  its  formation. 
Among  these  should  not  be  omitted  the  salt 
lakes  on  the  borders  of  Caffraria,  east  of  the 
Cape  of  Good  Hope,  which  contain  at  their 
bottom  thick  beds  of  rock-salt  variously  co^ 
loured. 

.  There  is  a  remarkable  formation  of  salt  at 
PoSn  near  Burgos,  in  Castille,  placed  in  an  im- 
mense crater  of  an  extinct  volcano,  in  which 

are 


are  fbimd  pumtce-stone  and  puzzolana.     The 

volcanic  mountain  of  Cologero  near  Sciacca, 

in  Sicily,  contains  in  its  beds  a  considerable 

intermixture  of  common  salt,  and  masses  of 

Mook-salt  occur  in  other  parts  of  the  island 

imbedded  in  clay^.     In  these  and  in  some 

other  instances  it  is  probable  that  subtemi*- 

jBean  fire  may  have  been  an  active  agent  in  the 

formation  of  rock-salt,  by  evaporating  the  wa-^ 

-ters  of  salt  lakes,  or  of  countries  recently 

Mnerged  from  the  ocean, 

lifuThe  rapid  formation  of  rock-salt  in  Syria 

during  one  of  those  igneous  eruptions  M^hrch 

"have  at  times  overwhelmed  certain  portions  of 

yfihe  globe,  is,  perhaps,  obscurely  alluded  to  by 

the  sacred  writer  who  has  narrated  the  early 

^  history  of  the  human  race.   Gien.  chap,  xix.'f 

The  salt  lakes  existing  in  that  country  are 

ivell  known, 

Ti*ansparcnt  colourless  rock-salt  cousists  of 
tturiat  of  soda,  nearly  in  the  highest  state  of 
purity ;  or,  according  to  Davy,  of  chlorine 

♦  Travels  in  Sicily  by  Lieut.  Gen.  Cockburn. 

t  Jerom,  who  resided  in  Syria  in  the  fourth  centar}, 
informs  us,  that  the  rock  of  salt  was  existing  in  his  time; 
ynd  funcifully  relates  certain  peculiarities  respecting  it, 
which  equal  in  absurdity  the  legends  of  the  darkest  ages 
pF  papal  superstition. 

and 
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end  sodium.  It  has  so  little  water  of  cry* 
stallization,  that  it  scarcely  decrepitates  when 
thrown  on  burning  coals,  in  which  it  difiers 
from  salt  prepared  artificially  by  evaporation. 
Specimens  of  rock-salt  sent  me  from  the  Po« 
lish  mines  are  less  disposed  to  deliquesce  than 
those  from  Cheshire.  The  deep  red  colour 
very  common  to  rock-salt  is  derived  from  the 
oxyd  of  iron.  Clay  or  marie  commonly  ac» 
company  rock-salt ;  it  fi'equently  lies  imbed* 
ded  in  clay  in  detached  masses ;  the  clay  is 
often  much  impregnated  with  salt,  which 
is  extracted  from  it  by  solution  in  water* 
Th6  almost  constant  occurrence  of  sulphat 
of  lime  (gypsum)  with  rock-salt  is  also  a  fack 
of  considerable  interest.  It  is  curious  to  obr 
serve  the  two  most  powerful  acids,  the  suU 
phuric  and  muriatic,  so  nearly  associated  in 
the  same  place.  This  fact,  in  a  more  ad* 
vanced  state  of  science,  may  elucidate  the 
chemical  changes  which  have  effected  the 
formation  of  these  minerals. 

The  most  natural  hypothesis  respecting  the 
formation  of  rock-salt,  at  least  in  some  situa- 
tions, is  that  before  stated,  which  attributes 
it  to  the  gradual  evaporation  of  lakes  and 
pools  of  salt  w^ter  that  remained  when  the 

ocean 
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ocean  retired  from  our  present  continehtflu 
Bjr  alow  evaporation  this  mineral^  which  is 
hearly  pure,  would  be  separated  from  the 
stilphat  of  magnesia  and  the  sulphat  of  soda^ 
that  exist  in  sea  water.  These  salts  being 
idso  more  deliquescent,  might  be  washed 
sway  before  the  beds  were  covertd  with 
other  strata.  Whether  beds  of  rock-salt 
have  generally  suffered  the  action  of  subter- 
faoean  fire,  by  which  they  were  rendered 
confluent  and  consolidated,  as  some  philoso- 
phers have  supposed,  may  be  doubted.  Pres^ 
sore  and  time  are  perhaps  adequate  to  the 
production  of  many  phaenomena  in  the  mi- 
nd kingdom,  which  have  been  attributed 
to  other  causes;  for,  from  various  circum- 
stances which  will  be  noticed,  it  appears  that 
the  particles  of  solid  bodies  are  not  in  a  qui- 
escent state,  but  are  capable  of  assuming  a 
ciystalline  arrangement  at  a  comparatively 
lo^  degree  of  temperature*  Had  subterra-* 
nean  fire  in  all  instances  been  the  cause  of 
the  evaporation  which  produced  sea-salt,  its 
CMsposition  would  scarcely  have  been  so 
para  as  it  is  at  present  found,  and  the  action 
cff  this  fire  on  the  upper  strata  must  have 
produced  some  effects  on  the  intermediate 

beds 
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beds  of  clay,  &c.  It  may  excited  surpriM 
that  a  mineral  so  soluble  as  rock-salt  should 
reihain  for  ages  exposed  to  the  influence  of 
-  the  atmosphere ;  but  most  of  the  countries  in 
which  this  mineral  is  found  in  elevated  situ«^ 
ations,  are  those  in  which  rain  very  rarely- 
falls^  and  it  is  generally  protected  by  a  thhi 
covering  of  clay  or  marie.  It  must  however 
be  gradually,  though  insensibly,  diminishing 
by  atmospheric  moisture  and  by  subteivr- 
ranean  waters,  which  carry  off  a  portion  of' 
it  to  the  ocean.  From  various  experiments  it 
appears,  that  the  water  taken  from  consideiu 
able  depths  in  the  sea  contains  more  salt 
than  that  near  the  surface ;  it  is  also  somM} 
what  Salter  after  stormy  weather  than  before;' 
which  can  only  be  explained  by  admitting^ 
that  the  lower  waters  are  at  such  times  more 
intermixed  with  the  upper.  These  facts  may 
perhaps  throw  some  light  on  the  formation  of 
rock-salt.  If  pressure  or  any  other  cause  be 
sufficient  to  suspend  the  power  of  chemical 
affinity,  which  would  diffuse  the  salt  equally 
through  the  whole  mass  of  water,  it  may  at 
still  greater  depths  occasion  the  deposition  of 
the  saline  contents  at  a  much  lower  state  of 
concentration  than  would  be  required  to  se^ . 

parate 
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])amte  it  at  the  surface.  Late  discoveries  have 
made  us  acquainted  with  a  power  which  can 
not  only  suspend  but  reverse  the  common  laws 
of  chemical  affinity.  When  we  see  the  effects 
of  the  voltaic  energy  produced  by  the  super- 
poAtion  of  small  plates  of  various  substances  *, 
can  we  believe  that  the  atmosphere,  the  oceann 
and  the  earth  cover  each  other  without  pro- 
ducing efiects  commensurate  to  the  immense 
surfaces  which  are  in  contact  ?  All  the  rivers 
nrhich  flow  into  the  sea  carry  with  them  a 
quantity  of  various  salts  in  solution,  whilst 
the  water  raised  by  evaporation,  and  returned 
to  the  earth,  is  nearly  pure.  We  must  there- 
fore admit  that  the  ocean  is  becoming  jsalter, 
or^that  some  natural  process  is  constantly  de-- 
positing  a  portion  of  its  saline  contents,  by 
^M^hich  its  waters  are  preserved  in  the  samflr 
^tate  of  strength  and  purity  through  succ^eed** 
ing  ages. 


<*^. 


*  I  refer  to  the  very  curious  coloianxif  M.  De  Luc,  in 
^vrbich  the  electric  power  is  in  a  state  of  incessant  acti^ty 
without  any  apparent  diminution  of  strength,  or  decompo-   - 
sition  of  tlic  nietallic  surfaces. 


•  • 
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CHAPTER  VIII. 


■■••*• 

OV     SECONDARY     STRATA'    C01ITilf«rt#a 
COAL    AND    IRON-STONE.  •^*  ' 

A 

HeposUories  of  Stratified  Coal.— 'Brawn  Coal.*-* 

'   Black  Codl.— Peculiarities  of  Coat  Strata. — 

'' Dislocations '  or  Faults,  tkHr  Effects  on  tkt 

■  fVater  in'Coal  Mines. — Position  and  G'edk^ 

'^<aU  Relations  of  Coal  Strata. — Observatwna^km 

the  Modet  of  searching  far  CoaL — Irwhstdim 

:   ticeon^njfitig  Coal. — Precautions  necessary^in 

the  Establishment  of  Iron  Furnaces. — Varieties 

of  Coal.~:Plumb(ngo. — On  thf  Origin  and  For- 

nustion  of  Coal.— On  Aluminous  Shale  or  Schi^ 

tus  in  Coal  Strata. 

X  HE  secondary  strata  which  lie  upon  the 
metalliferous  lime-stone,  or  on  the  red  sand- 
stone, are  the  pro{)er  repositories  of  coal  and 
iron-stone ;  coal  very  rarely  occurs  with 
lime*stone,  and  is  never  found  in  the  uppei 
caldireous  strata  composed  of  roe-stone  and 
ehalk. 

•  Coal  is  a  substance  too  well  known  to  re- 
quire a  particular  description  :  it  may  be  di- 
vided into  brown  and  black  coal.  The  for- 
mer, sometimes  called  wood  coal,  is  chiefly 

found 
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found  in  alluvial  ground.  It  contains  besides 
charcoal  and  bitumen,  vegetable  principles, 
and  branches  or  trunks  of  trees  partially 
decompoaed,  mbich  mark  the  origin  of  this 
kiad  of  coaL 

Black  coal  is  composed  of  charcoal,  iMtiK 

■MBD,  and  earthy  matter.     The  latter  fbma 

the  ashes  which   remain  after  combustew; 

these  vary  in  proportion  in  different  coab^ 

^  -firom  two  to  near  twenty  per  cent.     The  pro- 

-^|MVtion  of  bitumen  varies  from   twenty  to 

Arty  per  cent  and  the  charcoal  from  forty 

to  more  than  ieiighty  per  cent. 

.  Mineralogists  have  enumerated  many  dif-* 

^rent  kinds  of  black  coal :   several  of  these 

pass  by  gradation  into  each  other  in  the  same 

.^nine.     The  most  important  varieties  in  an 

(Economical  view  are  the  hard  coal,  Uke  that 

of  Stafibrdahire,  and  bituminous  or  caking 

<:oal,  called  in  London  sea  coal. 

Blaok  or  common  coal  forms  regular  strata 
i?bich  vary  in  thickness,  from  a  few  inches 
to  several  feet  or  even  yards ;  they  occur  over 
each  other,  separated  by  beds  of  clay  or 
ftone.  The  series  of  strata  existing  in  cme 
situation  is  denominated  a  coal  field. 

Every  district  appears  to  have  its  pecitliar 

N  s^ei. 
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Mfifes  ofrrstrmti^  unconnected  ivkh  any  othecc 
4i6ii^  Jthe  iiries^cf  stratified  cosl^have  beea 
diAioninateid  independeift  coal  formatMiiB*  lo 
»i3l%fei4iif&rent 'Strata  vhich  accompdmji&ieoel 
consist  of  beds  of  day,  more  or  kss/Sbdw 
nkedy  ^  vfaich  ocoasionallfy '  con taini :  sfaeMIs  iis^ 
WBtablmg  those  of  fresh  water  musclasf' ioieib 
atooes  called  rubble^  sand-stone  ofvvtaiom 
qualities  and  degrees  of  hardness,  ai^Uaai^ 
oubtlialiBcaUed  eosd  shale  coloured  with  jntui 
men  and'athita;  of  iron-stona  Idany^  g£  Hke 
strata  abbnnd'  m  vegetable  impressidnsr/^ 
ferns,  and  of  other  plants  which  are  eithehoa^ 
IcnowH  genera  or  bebng  to  tropical  cKmates. 
.  ThadiieiMit  strata  under  a  bedofliooiA 
B9t  tiwquently?  similar  to  the  strata  over  H, 
and  idle  saitt^  series  is  again  repeated  undec 
the  lower  beds  of  coal,  and  sometimes  widt 
a  perfect  similarity  both  in  the  succesmn 
and  thickness  of  each.  Iii  some  instaacea'ti 
siiigle  bed  of  ^tone  of  vast  thickness  -  sepa* 
rates  two  beds  of  coaL  In  other  instances 
only  a  very  thin  stratum  of  shale  or  cley  iies 
between  coal  beds.  The  succession  of  tiie 
coal  strata  in  Northumberland  is  given  from 
Westgarth  Forsfeer's  section,  plate  7.  fig.  S« 
.   Numerous  beds  or  seams  of  coal  occur 

in 
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ift  diie  colli  fields-  but  vor^ 'j«nlj* more  tlia& 

ibrae  of  these  sae  mmh^^  y-  'Thedthioluaiib 

of  »tmdb  aeasiia  or  -faedft  varia8iAiun(<*»£&ir 

MlriiCBrAQ^Kveiml  ^rurds;*  but.eacb  df  thneLge* 

iMfatHj^  preserves:  tine  same  thicknesfttlxaiigb^ 

out  ^fwhole  cexteniti^^when^QOt  broketkijky 

(falnriiiidnyjof  the  strata.   .InstanceaitaLjtba 

cniteary laoiaatiBiea  i  occur,  4ii  wluch  th^  atatti 

faodkiwiHc  hamumwer  of  iridar,  aftd>  aonui^ 

tuMliidivided  by  a  sbratum  of  kii&QiBbuUsUe 

«Mfar^  qaatter  iniiiifiereDt  partsiof fitBioDiin& 

RNrnbfids'fp£  coal  are  worked  at i a  <9nat 

d<pdi»(irhich  are  less^thaii  t«i*i  feetiin  thidb 

neaSmiLi{Fke  straium  lying'  over  a^^bed  of  coal 

it  caUed  ^the  t  rool^  jind  the  stn^biiiL  under  it 

the  iAoor«bJiTiie  facility  tif^getkug^jjoopj  da^ 

pabds  wry  snuth  on  tbp  compaotoess  lof  tha 

atone  Mrhichioiin&'tbe  roof,  not  only-ota!  ach 

vmi^jsAithm  Bemntypirom  ftjjyiijg^i  but  foi 

JRMpiAgj^mt^Of  upper  iwater  and  pileiscarving 

the  pit  B»  ai.  diy  state.    Tbr  ^greab  letxpenae 

iMwaped  in  iriippwfting  the  roof  Iv^henr  tt  ia 

loftie,  jft^uesttly  preiwnta  a  raluabler  bed  of 

coal  ffomdbMigrworloed,  or  abs^irbs  aU  Jtha 

pn^fiit.    i»  some  ttitafttiooB  the  roof  is  indu- 

Tilted  clay^  ixopregoafted  with  bitumen  and 

pyjrites.    When  ihid  falla  down,  and  is  inteiw 

N  2  mixt 


teixtitith':)omtl»r«iU  small  cd^.at  the  iiottoini 
iViftlfes  iiTe'spoiitoneoitdy;^oaiiirhichtHccoaiit 

^^'>(KmihM^<beB]i>  worked,  tx^  pretentlttW 
lUWegr>iolii  air  to  then  combustible  malttm: 
^PbilJicitad  of  iclay  is  called  ^iiow^<\ib<i^  irDnt- 
1Aontiii^like>'Aiihby  de  laZouob  0Gniifi£#lfli 
«ad}iiip8idyifibiidshire.--^The  flokirt.offl/str&luta 
im  1  «i^tdfa ^ the  ccal  lies^  eoosistSiicf  kday  ia 
^ilwidbsLdei^iees  of  induratacm  and  iftflildiMt 
^«lmrp»«Jo£rtl»t'idDd  which  will  rfeBiAD  ^ 
«u$ti(MLt>f  fire^  t  cailed  fire  daj^  suited  £u Air<^ 
«fbc^<bf9eks npidi  oruciblets.  (See  MivtFaragidi 

G>al  KtTMtaf  are^  fteqnenti jr:  bent-  in  ncdmai- 
^lki«s,*MsehnbliDgItlmt^of^ait9<)^^  dJieksiiit 
tlipfuigidownuoni  onet  side^of^thia  ^itSLAiMmi^ 
risiag^ii (the (Other.  M In- ipkitaiU,  fig%  «2.i|llQe 
iBeodidti  o&aiitqaii  field  is  repcettattdynd  ^ifiAd] 
^Ivetitefal  MmtaijC^C* il>  £>  ^are: cnciinediincjlfaii 
ikfsanliall^€te(tr|»aistiaHy  disloosttd  byr  a£iq|dtaifi 
'Or  .|Mit|l^dt^:iii<*Tife  extPeriiitieslD&ftfae  iiomsk 
emratdmf?  Oaate  MterafemilBsidistaiitiDiBbiiie 
udtxA  fields^ t Jin  athees>  ilxsiknmore  tbottXMnr/'irii  • 
liafliHhe  gnettt^cbahfiiddisi'fioiith  iWdes^rcdie 
:)Mi^ta.tur8carimiqs[e^^  mfitaneticiiMrer^fiai 

<^taitoti  t)nd>hbad»d  tmles^  .;^t  .theololqe 
mi;?.  Hills 
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JHillBf '  \tk  iShropsinT^i  f the  )iiresdtl9t^x>f  T9oniftrof 
thm  coal)  fields  is  notfrarcfiiiJtfi^iK  s^t  rA^bbfr 
"Wolik/ifi  Leicestershite^  •  m  thd  centardr'piiit 
iitfltbe  ifield  at  entire  tnaiacib^diof  coal^tb 
atifOhe  dapth^of  two  r hundred  aod 
yands;r.  buttbyithe-boodkij^ahd  riaaiQf 
jfheiktihita)  the  same  bed  coine^vtoChe  aur&w 
alij€29Jab0iitrtJ[>l^e  rrolWdbteo^il  Tbaidqitli 
'^poal  Btrata  is  very  difibnrat  in  difierefttM^ 
i  iind,  from:  the  incknttliaiijOC>.tlMlid^ 
oitg  o£itbe  'Mvata^  tdsffera.intieirr  iftcthe  same 
-disitncit,  sift  will  be  evidei!ife:>iTeiit  nrfaat  has 
^letm^ltatbd, 'and  firomvan  i&speetion  of  die. 
Jaat  mentioned  figure.  Sonda  Cctalrfieidd  ex- 
-'teiid)inm  waving  fi)riDO«^tnaidiatrict.i.oL) 

nfOh  the  CTgtenbsidef  ol tEngltwi^^ihe.alriita 
^generfttty  deeliiie^  or  in  the  miners  language 
~dft|>  tb  lk^  iduth-east  point  ?  uon  the  western 
Sidfcf/  die  strata  afe  more  frequently  thrown 
iri|ofdifiefsh«<andt>{ipK)6ite  direetioas  by  faults 
or  tbfkfess;  two  fractures  of  thia^hind  filled  with 
fasRmiit^»<dre  described  in  the  fifth  chapter. 

ndii  isome  instances  the  ooal}  strata  are 
tfarown'down  or  raised  on  one  side  of  a  dyke 
vnore  than  one  hundred  and  fifty  yards,  and 
the  miner  after  penetrating  through  it  (see 
plate  IL.fig«  3.  d.)  instead  of  finding  the 

•  ^;  same 
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Mme  cottl  iigaifi;  meets  vith  beds  o^one  W 
day*  ^-  the  oAer  Hide  at  le ;  hence  he  \i  flte^ 
q(tjlt^tttty  M  ia^hsi  Irow  to  proceed  in  «eafclAn^ 
fef  the  coafiVhieh  is  cut  off}  oil  trhicW  afci= 
coiint  stfch  dykes  are  caUed  fdultn.  If  th& 
stratom  of  *  sttinfe  e  be  the  safne  as  any  6f  tiie 
strata  which  were  sunk  through  in  iniiakihg^ 
the  pit  of  shaft  g  gy  it  prdves^that  the  betf 
of  ccwd  is'  thrown  down  oit  the  side  bf  lite? 
fiidt  4t  fe,  add  he  can  determine  the  ^iMit 
distance  between  that  stratum  and  th^^ctttf 
he  is  in  "searirh  of.  But  if  the  stone  is  of  4- 
diifereirt;'  kind  to  any  which  was  above  the 
cotA  etiy  he  may  be  certain  that  the  strftta 
are  rai$ed  on  that  side ;  but  to  what  ^istalnce 
can  tinly  be  ascertained  by  trial,  if  the  under 
strata  of  the  coal  bed  c  c  have  not  befen  pf^* 
viously  perforated.  It  frequently  happens, 
however,*  that  two  or  more  strata  of  irtontf  or 
shtUe  lit  dif!^rent  depths  are  so  similar  lb 
their  (][tiality  and  appearance  that  it  is^  impbs*^ 
sible  to  distinguifefh  tbtem :  in  such  •casie*  it  ii 
necessary  to  pfeHbrate  the*  stratum  to  Mteri 
tain  it9  thickness  and  <exaniine  the  ^(uality  of 
the  strata  above  or  below  it,  by  which  i«i 
identity  with  any  known  stratum  may  gfenfe^* 
r^lly  be  ascertained.    The  manner  in  which 

the 


^e strata. are  inclined  towards  tba  i&u}t  wiU 

.      ■  ■  * 

9I9P  4ei»rauoe  whetl^c^tlsiayaire  thnyw^.u|i 

9«;,;^,wix«  provided  tbey  are^.nqt  ^ttifKi^ 

w\»ifp  i^ey.  pome  10.  qotitact  with,  it ;  ^.ly bic):^ 

14^ frequently  the  cnW;^*    .Each  bed  Q£^oaltm 

%€P9l  field  hasi  certdiia  characters  >bx  w^^^^ 

i^rfl^ay* generally,  b^e  koown  tg.:b^.,the  9anie% 

Its-thickoessi  aiid, the  qualif^jr^j^  ih^.^ooj^ aj;^ 

fLcf^r^  with:  that  of  the  upper  apd  ^^d?r  isjtip^tac 

gSPf  rally  .serve  to  identify  il^  ji^ugb  j^  9l^jfl 

fA^^deaper  in  one  place  than  anotbef^a^i^Tyi^) 

^  distanc6>frooi  the  9uriace  five^uiqdi^  j^e^ 

c^ilHie  dyke9  or^  faults  which  i^tefSQpjt.^G9|f^l, 

atrafia  are  generally  imperviotts  tp  water,  %fk^ 

ii;.^oi  unfrequeotly  happens^  lha|^.wjbL«{{r/B;t^ 

afj^B^t^dedine  tg^theipithey  bold^uf^thifrM^a^ 

^^7  occasion  springs  at,  the  surface^  or  4^^p 

tljfficCoal  works  on  that  aide  of  the  &u)t  upder 

vr^tafy  when  the  coal  wotk^  on  tbei  pthec  ^idd; 

c^  4?Tjr^ }  -^This  will  be  betjter  rupders t9pd  fby; 

*»%:Wg  to  platp  II.  fig-.2Uand3v  wher^.Aie 

c;ffa^r  a^tiata.pn.  t[)f  ngbti  haod^Qf*tl|e  faolts 

ci^ijc^  oj;  dip,  4;qi  ,Uie9>  and  .the  watei;, which 

•^       —  - 

-  *  ^  thec^|yke,ikiaIiC!ifnioirte!«BgIe'Wi«ii  the  upper  iish 
t^fifsk  oC  the  jitratQn  tbqf  9fi^,it^f0w^  np  pn  thf^t  side  ^ .  J^ut  if, 
it  make  an  obtuse  an^le,  they  are  thrown  doym.  See  pL  II* 
fig,  2.    In  the  plate  to  the  first  edition  this  figure  was  in- 
ctwt ectfy  gnrem 

passes 
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p^l^'thrpugK  oj:.bQtw«en«tfa&  stntiaitiwill  be 
stepp^at  the /f^jiltojaad:  held  itp^iihoilId^aiKft 
o^l|fi}owi^;8^i:^i|)a:l»}80  impervious^  in  wfaidi 
ca|fei(;)ie;  iQoal  b^ds  tq  tberiiight  tof  rtiie^faitlftt^ 
i¥iU[;4>6  .under  water^  and  iJtioseron  theibthefn 
side^ir^.^Nowahould  apei}foj:ation:be.kicai»^ 
tioiu)^*  OQv^e  through  the  dyke^)al[l  tfaio^t water  i 
i;v'^U.r  l)Q ;  tbrosva  upon  the^  viotk$  ob^  >thealeftii 
tl^MffM^en^ '/^fore   dry»     Where*  the  wall  ioit 
e^ch  side  of  ^i  fault  belongs  to  diiferenifr  prcK ' 
p^Q$orsji.:f()Je^. strokes  with  ^  pickaxextni^tj 
tlwf  ^o  io^^IcAlable  auechief  tor  tiboie  tompia^^ 
OJM  9id^»  4li^  Jtender  great  aervioe  tj^dJietotUMrcJ 
byilte|ling  their  pita!djry*'i    u;.  r  i^  rtj^v  ^'^UW 
.^J^pfqieQpcM.KCQidi  xaiRw^.m  £nghad;amn 
t\S9a§  in  Noi^hwi|iberhind  takid' w.(the)(i^ 
of  J^ibaiTy>  soii)e^of^hkh>are^oidied  raUuAjrrt 
tl)ri9ilrjmndf^  yards  beUvw  tllevSditfacei^.  iTk«;l 
tl^)ce»t^^d!pf  £agliah  coal  <if: any ;G0bdidbr4>v; 
a|Q|{f^  exti^Ot  isj  t^  main  <:oal  do  Sftaffbi^shiffpiin 
vj^],qb4^<(hirty  feet^  >  rThe  uppery  lokmc,  ^and)! 
nfiiifU^  pi9irtsi>Qf,.theib^d  idiflS^i)iii^.[i}ualityjl 
MSfrKsivi  ¥^h$^tbdi$  written  tan  iotoiesting  iMHn 
CQt^i^ifift  tbedpineiralogy.'  o£  i  the  ewitb{  of  Sftitii  ^ 
fojjlj^mii  ,mys  that  *  thirteen  .di^SNieatlikindaii 
ois^jQcemt  over  each  other  iathi&bedrflitfi> 
u^gi9rit)Q«lEy  which  is  compact^  senes  ^as  i ^n 
miiii  roof 


roof  invgettmg  the  undercool;  Atfh«^iWiMd 
B^sUilLcofiierir  in  this  cocnMy,  th^xM  is 
saidfritonheiifortj^five  fbet  tbick^  a^' il¥^ 
MlBsofjiCDal  from^three  to  four' feet  kitibick«^ 
nvMi^diaM  ibeen  fbtnnd  iindeii^  it,  Mee'h/Sfi 
Kcis'vAceotta&  Mradi^febed.  IFbe^fif^t  ii^^te^ 
twm^urdA^  under  tiie  >«hiok  coal.  ^If^  tMln 
hiA  of.  icoai  in  the  Ashfoy  ^i  k  'Z<Mth*^(M\ ' 
-  field  IS  thirteen  feet  thick;  the^  ci^p^r  '<ajid^ 
lover  sidBm%  of  this  bed  also^Taiy  in  qiud'^^^ 
andtthe  top  serres  as  the-  roof^Hbeing^indihef 
compact  than  the  stratum  over  tbei!oaL*>iFeM^> 
btnbjof  coal  in  other  parts  of  E»^nd^or  in 
Wales  exceed  from  six  to  nine  feet  j^qk'  thidk't- 
neas.;  (but  a  difference  in  the  qiu^it^'lha}^ {^ 
nMallj  be  obsenwl  in*  the  appevf  >  loi^ef^  and' 
midiki  parts  of  the  aaikte  bed^^  A'  ^  oto^f^si 
fmsi  is  stated  by  Mr.  Kekt  respebt&ft*'  %WkMti 
coallof '  StafFordshiire : — >in  onie  ^sitbalAdil^  ilM^ 
upfBrVlparC^f  the  bed  separates  ^r^tn  *th6 
Idwer,  .andt  tises^  to  >  the  eurface^  ot^  crbpb  4mt^. 
Itiditib^rst  dinrttd^  by  indurated  diay  called 
bind  or  ckinch';  but  ati^dife  dii^tafnce  bdcebies 
wider,  the  mtertiening-  jstonei  ^growt^  >  harder; 
and 'iwill  strike  fire  Mvitb  flint.*  ^Similar  sepa-' 
raettcnsi take -place  sometimes*  in  ehi6  beds^^of 
coal  iin  the  mines,  of  Northumberkind  and 

Durham. 
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DniiiBm.  Tee  largest  knovn  bed  of  coal  iii 
the  West  RkliBg  oi  Yorkshire  is  near  Ban 
lej:  it  is  ten  feet  thick,  and  is  so^Kxed  to 
fenned  by  the  meeting  of  two  or  more 
which  soon  separate  a  sain.  The  miners  hmri 
not  been  aUe  to  trace  the  same  bed  in  aitu-^  > 
ations  where  it  might  have  been  foond  had  iis^^t 
presened  the  same  thickness  in  other  part^B-s 
of  its  courses 

Coal  strata,  beside  the  more  common 
locations  bv  faults,  present  remarkable 
tortious  which  it  would  be  difficult  to  ex- 
plain, except  by  admitting  a  lateral  fori 
which  has  compressed  them  into  a  zig-zaj 
form.     To  the  same  cause,  or  perhaps  to 
partial  sinking  of  the  earth,  we  may  atlri^ 
bute    the  origin   of  what  is  called  faulty 
<rraund,   which,  frequently  occurs    iu    coal 
field.<i.  In  this  no  actual  dyke  appears  to  liave 
been  formed ;  but  the  beds  of  coal  with  all_ 
the  Bccompabyihg  strata  are  so  broken  and 
shattered^  that  no  Mforkings  can  bex:arriedon 
tiU  the  miner-ha^  g^t  through  them  into  xe* 
^eukiT  9trata<  ^  7<^i^Q  l^roken  spaces  or  fsuilty 
groundtt  occasion. much  more  difficulty  to 
the  miner  than  common  faults  or  dykes,  and 
are-sometinies  of  great  extent. 
^  In 


In  §ome  eoti)  fields  oim  jmrt  df  a  «tmtott 
19  ifiM^iHid; ' find  titer  ^fitkef  putt  •«^rttcdl(  'cH 
eUiMttt '  fitet  «f  thttt'^iili[|ittriijr':be;js<«H'in  A 
sftftll  coarfi^tdtf^alF*  tlw  tdwn  of  Miiifohiwi 

'^The  position  of  toel  strata  iii^'mtfny  coal 
felds  ^y  bie  ftfj^relteftted  by  a  iiensa  <ti  fresh- 
WifHt  mtisch  sbetts)  d^crMsingift  Meet  'laid 
within  each  other,  but  separated?;  by  a'-1^il» 
Miste  (Of  clay.  If  on«  sklirof  tb«<»hell  >be 
iti^«'  it  will  rdpiieseRt  the  g«bevilviMfr -of 
lf(6^  litrata  in  that  direction;  and:>if  thetwbolo 
ISnS^h  be  dislocated  by  partial  crodcsi  rabin^ 
M^'^t'ia  little,  md  depressing  <  tbe>  otheTy- 
h  Ih^pt^nt '  fkttlt^  in  tbe  coal^  it  wW  givra; 
■ffHSet  ideft  of  thd  ^oal  field  diaQrttiky;debofip> 
i^'thn' mM^ey*  We  are  here  to^iiiippose! 
kiE^'eadh  sMl  repgieAettts  a  strtstdni  ofMOoal, 
m^iM  fMii^ttS  of  clay  the  taitt)s>^  stiuta. 
ijf  #hfcb  '^they^  aiB>  ^epiarated.r  h:3%cP>outer> 
ReH  ^^i@nt8  the  loiik^^^blsdiv^^fial'y  whioH 
«ftj|i*i)e -Tndfty-triile*!  ihf>itttentifi:Nb(W'^^ 
litfeh  larg^r^hell  b«'<Uleid  ivitii'sand, iand  this 

)Mi<6!ft  shell  be  pressed  into  jtt  wetnaycota^ 

oy    '  'y-'  ■'  '  ■  ■  —  ■-■    .1- 11:1 ;   M, .■■••.•■  .    ■■■,.  ■■^^ ; 

*  1  have  given  a  short  accotmt  of  this  '6dal  field  ih  the ' 
icond  volume  of  thetVotifatfCioilvrftheGMDi^calLSQGi^ 

sider 
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•ider  the  'kfr^  sbMi^  txif  ireprfemit  ihiie^teha^ 
Mtd^the  savd*^grft-$iam;'^eisfadll  (dienriiam 
Bf^modd  of'' the  I'ooad  stnata^^in  >ittaaif i  partsoif 
Bni^and,  aod  thi^ir  Brtuadoil  oyer  lii!m'«nB(9^ 
liferous  Ikne^i^^ith  thb  beds  of  sand^ttone^iiy 
which' they »i(re»fifeparat:ed  fromat.  » f-  J  jfifi 
>:FromWthe  i/iclitiution  4br  bending^  x)pic(ial 
stratii,  *  dley  itl way 8  rise  neiap  >  to  the/  isoTfkee. 
in  som0<partsiof  their  course^  and  weukLcfae 
visible  if  at^t  covered  bj  soil  or  gluTcl.fndd 
the  eitertecti6n6  formed  by  rivulet9^'«nr:tliy 
dccidental  fractai^s  on  thelsidos  of  bills  in^a 
district,  the  nature  of  the  strata ,  may  ofoen 
be  determined,  and  should  be  ascertained 
before"  bny ^expense  be  incurred  in  boring  olr 
sinking'  <  for  coah  When  this  is  done^  a  pro^ 
per  stattGoiishould  be  chosen;  which Teqoirei 
great  judgement :  otherwise  it  is  possible  txf 
bore  or  sink  to  great  depths^  and  miss  a  bad 
of  '  coal  which  exists  very  near  <  the  plac4/; 
this  will  be  ^videnttifrom  the  idiBpectiBn ^nf 
the  two  sltationi^  a>and  6,  iplate  il.  fig;'0:)iill 
the  latter  it  ^would  be  impossible  to  meet  with 
the '•  bed  '  of » coal,  C,  because  the  search  ^ih 
made  beyond  the  line  where  it  rises  to  thfe 
surface,  or,  in  the  miner's  language,  crop! 
out*    At  a;  coal  would  be  found  after  sinking 

only 
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onl ji  a  •  &m  ywdu}  t  >  Ja  j  iMit  «i}:«MtiAn9 iitt)ia 

doBfr  without  exp6nst(V!€  imachirierj.,  hy.(fm\» 
Hug  Bi  well  in  preference  to  .boiin^.  .BiyukitdsA' 
ui^^ia>  deknsiye  ko^wJedge  lOfi  the  nature  tmd 
thickness  of :  tlm  strata^  can  be  Mc^vtaaoed  as 
fkr-nsr'j^'Qji  des<ienid,  M^hich  can  only  be  im- 
p«fffeotly  known  by  boringi:;/>ibK'  the, latter 
aMxifltis  liable  to  great  uncertaiotyjof  inesultt 
£bm  bondings  or  slips  of  the  stmta.  n  If^nfor 
inttamce^  the^  borer )  be  worked  !SD;tbo<flitua(* 

* 

tioiii  cf^ifAnte  IL  fig.  2  •  it  wall  >  ipasa;  through 

a^graatf  depth  of  coal,  ^ which  in  irtolityimay 

ball f be  more  than  ^a* few  mcheB  ini'thidinessi 

decides-  'the  oncertainty  of  ;4he  >resultsrjotiii 

gropaestimpositaons  afe  ^sometimea  pijuctiised 

aoi^apswer  interested  pturposes^i^^^aoidrsndttef 

prof^i^ie tors  to  oentinnev  >  die ; )  aeacihi  r  wbeiB 

Isbeire;  is  (oo  tvasonable  probEbiUtyiaf^^  sbccesi^ 

^Wiharp  ebal  sttata  eome  toythetsurfads/ilhey 

'tererigeDorfiUrf  inia  sofbdeoortiposedist^te^  aod 

isitetmJ94t  ttithiitoacthy ii:matten»i)i:Theyj  fke^ 

s|siaptly^fpreseritiiDo  lappaGfrance.vof  cGnl^i  bdt 

4^QlWil)iiiayl  Jbe.^^hseirVed  x)£  <  a  darker ifioloun 

3rbe<irealii;uality'of//the[CoaLca0aotbe  asoeri' 

%«|ilied>  fiintiiritiis  found  baIow;aa  its  .natural 

^ndfemn^fiadi  >  (JtatO)  ( Ij^in^/  bebn  csa  /  two  >re^ 

,iu<  gular 
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gular  strata  of  stone^  or  inditnted  dajr^  ht 
general  it  is  observed  that  ^tu^um^^kmdisA^ 
ptoves  in  qaalitj^  as  it  sinksdeeper  intoidiar— 
earth.  Coal  strattt  are  generally  split  cr  dim^ 
sible  into  i^iomboidal  blocks,.  hy^^veBtkcA 
joints,  which  range  about  £..&•£•  aod^JIK; 
"N.  W.:  these  are  called  slines ;  i  the  oMiqpaft 
shorter  joints  sxe  called  cutters.    -        «'  t  i 

From  what  will  be  stated  in.  the?  suhee- 
quent  cliaptets,  it  will  appear  that  ihemm 
more  than  one  third  of  England^'  m  mhadk 
all  search  for  valuable  coal  is  useless :  die 
knowledge  of  a  negative  fact  becomes  \m* 
portant  when  it  saves  us  from  loss  ofvtUne^ 
expense,  and  disappointment.  ^  ; 

Coal  strata  are  frequently  acoampanied  by 
thin  strata  of  ironstone.  This  stone  ihas^'  ' 
dark  brown  or  gray  colour,  and- is  about 
three  times  heavier  than  an  equals  bulk  of 
water.  Some  kinds  haves  a  specific  gnan^ 
of  3.6.  Though  modern  mineralegists  cfXk 
this  mineral,  clay-iron-stone,  after^Weimr^ 
from  its  resemblance  to  argillaceous  stoflWHi 
on  analysis  it  is  found  to  contain  but  a  vary 
minute  portion  of  alumine  or  pure  day, 
sometimes  not  more  than  two  per  osnt.  It  ia 
principally  composed  of  iron  combined 'with 

oxygen 


liiarpjolci  rill  some  jtnttiteMAiritlia  calcai^^ 
eBhib.iiiJfi[.<^i>eQ£:tt^.g)M^  quality^  it  yidds 

3£3llie>be4s  of  elay  oiter  odyr' dtotaohed  no* 
idib8i:id£  .ircm-fitiMie  >docurg  w  ako 

The  vast  eeBfeedt  ahd  importance  of  >  our 
faBilwDi4s8  are  well  knownjiJrat  thekrvesta- 
jlishmeat  is  of  recent  date;  Formerly  our 
Ibi^ee^r  wdiei  on  a  diminutive  soale^  and 
mod  orchescodi  was  the  only  fuel  employed : 
Mftt  m  thecprfesent  cultivated  state  of -the 
^$unttyf  vood  could  not  be  procured  in  re- 
|i|isite  quantity.  The  application  of  coal  »or 
liteito  the  smeltifig  of  iron  is  among'  the 
ODilDmseful  of  modern  improKrements :  but 
ti  is  only  some  kinds  of  coal  tiiat  are  proper 
KB)  the  purpose.  Inattention  to  this  circum- 
tttce  has  frequently  led  landed  proprietors 
(»ig9eat  unpmfitable  expense.  Finding  iron* 
aiid  coal  in  abundance  upon  their 
9  they  have  constmcted  fiirnaces  and. 
^ifaer  works  at  a  considerable  cost^  andi  bare 
liacovered  too  late  that  the  coal^  however 
iBtable  for  domestic  or  other  uses,  was  unfit 
o  Jinake  iron  of  a  marketable  quality.    To 

make 
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make  good  iron  from  the  best  iroii-«tai|Pt|it  is 
necessary  that  the  coal  should  be  as  fre*.  m 
possible  from  every  substance  with  idur^ 
sulphur  is  combined.  It  should  possess  l^ 
property  of  forming  a  hard  coke  or.cittiejr; 
and  if  it  have  the  quality  of  cementiii;g;..pr 
cfdcing,  it  is  the  more  valuable^  as  tigm  (ijpjll 
coal  can  be  used  for  the  purpose  of  cokii^^ 
which  is  frequently  wasted  where  k  does  not 
possess  this  quality.  , 

Where  beds  of  coal  are  covered  with  lMU||lty 
some  geologists  consider  them  as  hsiiffffgug 
to  a  distinct  formation,  which  the  Gerqpips 
call  the  flcstz  trap  formation.  There  does 
not  appear  any  sufficient  reason  for  the,  di- 
stinction. Mr.  Jameson  has  mentioiiad  lbs 
islands  of  Mull,  Iceland,  and  Sicily,  as  tS^ 
fording  instances  of  this  coal:  he  says  it 
^^  occurs  in  great  abundance  in  Iceland^  and 
probably  affords  materials  for  the  iSttppoit  of^ 
the  volcanoes  that  exist  in  that  countiyy^i^^  So 
far  from  this  being  the  fact,  the  inhabitwits 
of  Iceland  are  destitute  of  fuel,  and  ob)^ged 
.to  use  the  dried  bones  of  fish;  nor  is  there 
more  reason  to  believe  that  beds  of  coal-have 
supplied  the  fires  of  JEtnn  with  fuel  for  three 
thousand  years,  as  Mr.  Jameson  supposes. 

Carbonaceous 
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Carbonaceous  matter  exists  in  small  quan- 
des  in  some  primary  and  transition  moun- 
nrii.  A  particular  kind  of  hard  sljining  coal, 
idt  burns  without  flame  or  smoke,  to  which 
fiftefalogists  give  the  name  of  anthracite,  is 
Mnetimes  found  in  these  mountains.  This 
tftd  6f  coal  appears  to  graduate  into  the  sub- 
aihce  called  plumbago^  black  lead,  or  gnn 
bite,  which  consists  of  carbon  united  with 

small  portion  of  clay  and  iron.  Common 
Ml  is  also  observed  in  some  situations  to 
Mkiciuate  into  plumbago,  but  of  a  less  adhe- 
^  kind  than  that  found  in  transition  moun- 
iJhs**  Plumbago,  anthracite,  and  many 
inds  of  hard  coal,  are  so  completely  mineiira- 
Bed'as  to  present  no  appearance  of  their 
5getable  origin ;  but  in  common  coal,  and 
I  wood  coal,  the  existence  of  vegetable  re- 
lain^  is  frequently  perceptible,  and  the  strata 
r^l*  'cofal  abound  with  impressions  of  ferns 
id  largefr  plants.  It  is  now  generally  admit- 
)d  that  common  coal  was  derived  from  the 
ilNial  decomposition  of  vegetable  matter: 
liuny  circumstances  favour  this  opinion ;  but 

^•^4m^^        I  ■  I    ^1     ■  ■    .  ■     ■ I        ■■■    .        ■  ..  ■■  ■ 

*  Plumbago  is^frequently  produced  in  our  iron  furnaces, 
rmmg  a  thin  incrustation  over  iron,  where  it  has  been 
contact  unth  coal  during  fusion. 
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from  whence  did  the  vegetable  tribes  crrig^ 
oally  de;rive  the  carbon  of  which  their  splji^ 
parts'are  principally  composed?  Carbon  either 
previously  existed  in  nature,  or  tr^s  tpid 
plants  had  the  power  of  forming  it  froiq  mj^Ti^ 
simple  elements.  Neither  of  these  .opin^fu^ 
is  improbable,  nor  are  they  at  variance /vfit^ 
Qach  other.  If  carbon  be  a  compound  si^}^, 
stance,  of  which  hydrogen  is  a  constituent^ 
part,  it  may  be  formed  by  the,  process  of  v^e-. 
getation,  or  it  ma^  exist  also  in  the  mini^fil^. 
kingdom,  independent  of  organic  prodig|e^ 
tions.  Carbon  united  with  oxygen  forms 
carbonic  acid,  a  constituent  part  of  all  lime* 
fiitone  mountains.  Bituminous  matter  wh^ch 
contains  carbon  exudes,  according  to  Dolo* 
mieu,  from  recently  erupted  lava.  Bitumehr 
was  observed  by  Denon  coating  the  stones 
in  the  Gulf  of  Messina,  which  became  hard, 
and  formed  a  solid  incrustation.  This  phse- 
npmenon  was  probably  connected  with  the 
volcanic  fires  of  ^tna.  The  pitch  lake  of. 
Trinidad,  the  asphaltum  of  the  Dead  Sq^ 
and  the  naphtha  of  Persia  and  other  parts 
of  Asia,  may  have  a  similar  connection  with 
subterranean  fire,  as  volcanoes  or  voIcan]<r< 
products  exist  in  countries  where  tliey  occur* 

Morier 


Moiter  sajff  there  are  many  volcanods  m  P^^ 
lAr^hich  only  emit  smoke  and  mephitic  vas^ 
pdttn — {Traveh  in  Persia.)     ' 
'  Though  the  carbon  in  primary  mountains 
nidy  be  derived  from  the  mineral  kingdom^ 
thbre^  can  scarcely  remain  a  doubt  that  wood 
c6sd  and  common  coal  are  of  vegetable  ori- 
gin.   Wood  coal  or  brown  coal  is  found  in 
low  situations,    and  appears  to  have   been 
formed  of  heaps  of  trees   buried   by  iniiri- 
dktions  under  beds  of  clay,  sand,  or  gravel; 
The'  woody  parts  have  probably  undergone 
tf'^ldertain  degree  of  vegetable  fermentation^ 
under  the  pressure  of  the  incumbent  earthy 
matter  by  which  the}"  have  been  carbonized 
dnd    consolidated.      In   some   specimens  of 
this  coal,  the  vegetable  fibre  or  grain  is  per- 
ceptible in  one  part,  and  the  other  is  re* 
dtici^d  to  mineral  coal.     The  vegetable  prin- 
ciples which  this  coal  contains,  united  with 
l^itiimen  and   charcoal,  have  been   already 
stated.     In  black  or  common  coal,  the  Ve- 
ge^(ble  extract  and  resin  are  destroyed,  and 
the    charcoal   and    bitumen   alone    remain  ^ 
l)ttt  wood  coal  and   common  c^al  bear   in 
other  respeets  too   close  a  resemblance   to 
uilow  tis  to  ascribe  to  them  a  different  origin, 

0  2  though 
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tHougb  they  were  probably  jbrmed  fr©ih  dif- 
<Sitwt  tribes  in  the  vegetible  kingdbar,^&ild 
tmider  different  circumsti^ne^  ' 

-'"Hife  recent  experiments  of  Df.'MatCul- 
lodh  go  &r  to  prove  that  the  bitmnisizAtioii 
Af'wood  maybe  effected  by  water**  The 
fordid'  conversion  of  bituminised  wood'  ihtb 
true  coal  may  possibly  be  the  effect  of  ton- 
sofidation  produced  by  the  agency  of  fire*  ^' 

'''Wood'coal  is  found  in  considerable  quab- 
HSXiBB  at  Bovey  Heatbfield,  near  ExetHrJ  "4S6* 
V#M  beds  of  coal  are  separated  by  iktMfiiPiir 
dhy  imd  gravel ;  the  lowest  is  sefvleittcfM^'fttk 
thick,  and  rests  oh  a  bed  of  chty,  tindlBr'trllidi 
is  sand  resembling  sea  sand.  The'feoifi^^&i 
trbhtact  with  the  clay  has  a  brtfwVI^'ooitMf, 
and  appears  intermix t  with  earth:'  lil^'faHAl^ 
jmrts  the  laminas  of  the  coal:  undulalj^;(^  #kd 
resemble  the  roots  of  trees  ;  in  the  ntifiddR^tif 
the  loWest  stratum  the  coal  is  morebotojilict, 
4i^i8i  of  a  blatjk  colour,  and  nearty  ds4idtKty 
Wf'^  common  conl.^  It  is  stippbsed'^httt^^iie 
ipefcies  ofivood  of  which  Bbvey  toal^lwtts 
Ybftfcicdv  is'  fir,  ias'^  stomps  df  larjge  »fif '%!%*«, 
fikt  by  their  roots  in  the  )^round,  'maljy'lsb'^bv 
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served  in  the  vicinity.  These  treed  wete  pro- 
bably  deposited  by  successive  inuodatioAS, 
when  the  higher  parts  of  the  country  w^rfl  ctf- 
!V0nd  with  primseval  forests  andpe^it  triooni. 
{/.'A  great  repository  of  this  kind  df  coal 
fOits  near  Cologne:  it  extends  for  many 
leagues :  it  is  fifty  feet  in  thickness,  add  co- 
Ylffi^d  mth  a  bed  of  gravel  from  twdve  to 
twenty  feet  deep.  Trunks  of  trees  deprived 
oC  their  branches  are  imbedded,  in  this  coal ; 
j|diiich  proves  that  they  have  been  transported 
|rc|ni  a^  distance.  Nut85  which  are  indigenous 
to  Hindostan  and  China,  and  a  fragrant  re^ 
Mious  substance,  are  also  found  in  it.  A  si* 
milar  resinous  substance  occurs  in  the  Bovey 
cool^  and  was  discovered  with  fossil  wood  in 
cutting  through  Highgate  hill.  Mrr  Hatchett, 
by  whom  it  was  analysed,  has  given  it  the 
name  of  retinasphaltuin< 

In  wood  coal  we  may  almost  seize  nature  in 
tbe  fact  of  making  coal  before  the  process  ii 
completed.  In  some  peat  moors  the  lower 
bed^  are  compact,  and  approach  nearly  to 
the  nature  of  coal ;  and  it  is  said  that  peat 
Imb  been  discovered  passing  into  mineral  coal. 
These  formations  of  edal  are  probably  of  more 
veeent  date  then  eommen  coaly  tBofij^  tifieir 

origin 
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origin  n»uBt4>e:reifeiTed4D  a  fermer  t:oiiditi<m 
t)fi«tfae  globes '1^  to  Mine  grand'caitastrophe 
which  i  baa^  fatrough4)  to  northenn*  latitudes  idie 
isgetable  productioos  of  *ti^opk»i  ckiiDxteBLt( 
-iidGrranting  the  vegetable: origin  of  cdal^ti'we 
0hall  have  no  difficulty  in  accounting  feriaa 
fM:ytiinalatipn.of  •  carbon  sufficient  >for:  its  for-- 
pratidiQvin  everj  cfistrict  where  coal^liaoibaea 
d^scovtiredv  <  Iti '  the  -early  ages  of  tbe'^cdd^ 
thof  gpeater  part  of  its  surface  was  a  cbntasy 
mlitude  covered  by  vast  forests,  and  iiliyr 
Ifodiibhei  and  peat  moors,  vrhich:  wer&7  ctaK-* 
Bifkutiyr  accumulating  vegetable  matteav  33m 
mi^t  be  carried  away  by  great  indndaftioiii^ 
IMdd  deposited  in  hollows  which  farmed  tem^ 
porary  lakes:  a3  these  became  dry, the  wg6^ 
taUe  matter  which  ^  floated  on  the  auvfanrioF 
ibp  wat^r  would  be  left  on  the  grautiKk  iidfe* 
fdire  fresh  vegetable  matter  was.fpnuadl^suJK^ 
ill^ueiitiiaundationSr  might  cover  tbefonaer 
dbpoftition  yrith  beds  of  sand  or  cl^y^i)Qtimt 
f]0positions;  of  vegetable  and  eartliy^nattcr 
jtoght  ibllQw  )n  succession,  and.fiU  iip>tlM 
^lolbw^which' formed  the  temporary tlaJfieiar'* 
/j^4t  is  a  curious  fact  in  the  natural  histoey 
of  the  ^arth,  that  regular  coal  strata  *^appear 
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to>:  the.  colder  or  more  temperate  regions  of 
iho  globe  between^  the  Iatit4ide8  cif  3fi  add 
^  '  This  would' mem  to:  indioate' >ti)at>tbe 
padaookur  vegetables  >  from  wbioh  cdal;;'iyn 
formed  coald  not  flourish  m  hot  and  dcy  cU- 
natei.  m.  ••-  •■  ^'^r^ 

-loTbe  greatest  difficulty  respecting  the  origui 
Bfidnformation  of  coal  strata^  ivthe  regukkity 
Ikith  wbioh  they  are  arranged^  and' the) iv^^ 
^pient  succession  tA  thin  strata' or  lamin8er>bf 
IjBhl  iir  the  ^same  coal  £eld«  These  are  ttoi  thta 
MMJb  too  regularly  arranged  to  be  formddfJby 
lai;^  vegeteblefi9  except  in  aistatefofiierfect  de« 
ppmpQsition.  They  may  have  originated  from 
nnail  aquatic  plants  or  mosses  growing  in  the 
pinee  aflereacb  inuodation;  and  the  occurs 
leDCft'Ofthe  same  peculiar  kind  of  fire  ckiy:^ 
Mriler  each  bed  of  coal,  may  favour  theopi^ 
itost  that  this  was  the  soil  proper  for  the  pro- 
lantion  of  those  vegetables  from  whieh'op^l 
raiTSabsequently  formed.  In  most  ooalfie)db 
liere>  rare :  thin  strata  of  eoal^smut  or  cartyoi* 
HHieous  and  other  particles  intermixt^  whiok 
eem  ctlso  to  favour  tbt'Opinion  of  the  formal 
s^  df  coal  strata  by  successive  inundations : 

-  I    ■       I        ■  II.  ■!   ■■  ■  111  ■         I  ,    »  -I  ^  >  I  I 

*  This  clay  is  more  or  less  indurated,  bat  it  still  retains 


bjiecoliar  qiodity  of  rdristibg  the  lustikm  of  Hit;' 
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ifrd^fae  fiub(9e(|iienfaiC€a0oUdiifci(m>of  the'cK)al 
may  beiesar«lifficuk  toconmre.:  <^  I'lKooh 
^MB|^|yeg«taUe  feiixnenteticmiaiid  tcompieA^ 
iIqp,  find  by  the  eivioWtion  of  h6afc^fMm'ib«>tlL 
dbii^Beieikusaiy  thCi variouB  atrata'iimjv^aifto  don^ 
jENdidated.  And  if^  pith  the  Pkitonista^ifl^ 
iM^ddit  the  aotton  of  central  sobterPBoeattfiM^ 
itijoajnalBOvhave  contributed  to  the  nrioMctmi^ 
^ete  dfisljmction :  af  vegetable  argamtAtamui^ 
Pireaattre.fuid  tkne  alone  noay  be  auflicutife^ 
^Oupv^djucettthiese  effects  partially^  as  is  prarod 
fey  ,#^  "Mmpiete  consolidation  of ^  loose  jnlitei^ 
iaals  left  ai:ieoa)ininep  wh^ot  the  aufrportipaik 
jlemoYediaod  ithe  upper  ;itTata  sinki  do vaunb 
m  feie jrjMara  ecaroeliy'  a  trace  o£  former  <^0i» 
JntHiDil  iromains.  In  oeotemplating  t  natarid. 
Hffoaiie^i  we  are  too  apt  to  measure  tfaehr'  pimnr 
hyi  the  results  of  artificial  processes;  and  ^by 
observations  continued  for  a  riiort-  poirtioar.  of" 
ihuBun  life.  The  aubattances  £l>tind  in  i  the 
UnglisGted^  t^essels  of.  the  chemist  often  >pnMre 
to-usthat  changes  in- the  physical  properties 
4H(*bodieaareeffiM:ted  by  time^  which  it  #OBld 
Ite^  difficult  to  imitate  in  common  expeii- 
Boents*.  .     Many 
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*  Tile  efibcte  of  oompretbioii  are  eMmjAfied  id  Vranee 
%y  a  mod^  of  mfilmg.  buiMkig  stooe  from  looee  wuMsnAi 
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uiiMmtf  beck' iif  sbaie  in-liuriifad  «tiMA 
abonnd  with  p73ites'«9^0^U'ftt<wifdl^icM^ 
eeousrand  bituiiiinoos '  matten* '  •  Bjri^xpocbre 
lowrMid^iiioifiltiire  the  pyrites  is  decomposed^ 
«nd>  tfae^ulphuikn  add'  iRtitinr^  with  the  dhu^ 
flninej^fonns  the^iaelif  kno>tn  Bali  called  alum^ 
3rhidi:uif6seirefiBoresciDg  hi  some  coal  mmeii 
•ndiiMghifc  be  fm'med  in  others  wete  if  thought 
desirable,  apd  doe  precautions  weni-  OMd^ 
Ahiminous  ischistus  of  akRn4)larte  wflmAles 
MBMtTarieties  of  eoel  shalei  ^The^eiibrmottlk 
hsdirof  this  rock-  in  the  Noith  -Ridibg  vojp 

¥oritsbire  is  efridentljf  part  of  a  series' etftioel 
etratet  being  coTered  with  siUidHitoDey'Coa)^ 
^m^»  iron-stones  iThe  extemalcharMters  of 
jtbtt  i  stone  are ;  precisely  similar  to  •  those  ^  ^of 
afmei  of  the  coal  shaks-  in  the  West  Ridiiigt 
^t;it  contains  difibrent  organic  reeiains^' a^id 
IiasDfiaolined  to  consider  it  as  a  distinet  foiv 
mation.  The  alam  slate  of  Yorkshire  heeii 
Ymyidark  gray  cobw,  a  slaty  structure^ and 

"'irff't!***!  *  ^*     '?*?''     ■■*»>?»'■*»''       t  ) '     >  ■  I'll  14  I  -H'^  '   '  't    '  ^  ">'  J<     >*  '' 

MWdiinodnrBlely  m^ttenr^  iiadfnitiiitas«Gmii»4n^uid. 
9y  ^two  or  three  strokes  with  a  ^tiunpi^g-en^ne,  thfi^p«(fei 
are  niade  to  cohere  so  firmly^  that  the  rubbish  is  cpoyerted 
hkcd'aliard  stone,  and  is  made  use  of  in  the  construction 
of  hrge.buildings.— -^irMe^'i  Tour  tkrcugh  Frtmce* 

rather 
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%9i  tiuB  a^r,  intOMyery  tbin  lanyow^t  -ItiivMSflB 
i|(kiJ|p^{te^i.bwfc'<aU  ;tbe  specimeDti jvMpbol 

Ij^ipg  nec^QQitly  vifkitat^  tbRt)4i«t;r4«jl4i»iiirtlwK 

JlApQunto of, :  jl^is  ;  rock ,  vUl  >  be  opifea >  in  Jkn 
Ql)j^r  09  •  thev  iQleoIogy  ol^<£,rigWiirit;  //  l^A 
j)f^(;ialar  advantage  which  tb«)  lipumbfy  l}9«l^ 
\|^tjjl]QF.  Hi^Yftrkshire, presents .  for  thie/fp«Aiif* 
%9£Wf«  Qjf  aluoL;  is, derived. ffomritboijitdfljefr 
i(f|ck^riw)gi  ini  prepipitous  <^i£&,  ^wh^ebr^iToffdr 
%ilit^  for  worsting  ai^  buCQingi-tbA  st9Mfc 
'?;^^5»»gh,nji»ny,  oif.  the  coal  e^a^s  m^%(!0sili- 
j^^^ijual ,  quantity  of  ahm,  tbiei  di|ffi«WigB 
4^fr  nl^f^g  r^tbeoi,  to  the  surface. !ivo|dd<:>-Aiik 
mff^%  <  .4l^uation^ ,  be  too  great  ito  nepny  ifjw^ 
afp^Qse.  The  alum-stone  is  pik4  inuvmt, 
h^s,  and  set  fire  to;  a  slow.copbufljtiMt! 
i»,/99ntinued  for  several  months  by /^be.isi^: 
fl^iapinable  matter  combined  iritb  the^fltoesM 
l%Sf ji^aUn^  cQDt^nts  are  extracted  b j  >  3oii»r. 
tji9^9pa  small  quantity  of  potash  i$  add^^- 
m^c^l^  ^^1^  are  prptallized'by  evapovn^i 

jla  t^  coal  mine  at  Hurlett,  near  Glasgow, 

Rrff|rjggi»uonof:ali]iia  i3  ^hm  \^th^ 

^^^itx  natural 


mral  decompositjon  of  s^  bed  «€  pyfitKtHB 
ifenfaat  foMitfttbe  fooff  lof  the^eoab^ '«  Thts 
iU  "^tb  the  -iMifMrjfQdidibeM'  toaf^  dlpf  just 
nigh' to  afford  a  fvee-paAsage'^'thcrwaiei^] 
|f  the  mine'  is  w orlMd  ^tontrai-y '  to  tfai'  ttsnat 
Ictice)  from  the  rise  to  the  dip  t  ^  h^nctf  all 
il  workings  are  necessarily  kept  perfectly 
^  For  three  centuries  has  thid  coHiery, 
K  in  work,  and  it  now  presents  anf  excava^ 
Of^  the  area  of  which  is  nearly  a'  mite  Btfbtsxej 
h' pillars  of  coal  at  the  usaat  intetvftls$^ -iirr 
!«r  to  support  the  overlying  Iteds^^'thfe* 
(Ataess  of  which  is  on  ari  aterage  aboisit 
rty  fethoms.  The  air  circtrtites  aldwiy 
oiigh  the  whole  of  this  space  by  means  of 
h  of  the  old  shafts  as  still  remaiii  open  j 
I'in  consequence  a  slow  decomposition  of 
iroof  is  perpetually  going  on.  This  prd- 
B,  however,  is  so  gradual,  that  in  no  p^rt 
i^the  slate  been  hitherto  removed*  The' 
('action  of  the  air  is  to  cause  a  thin  flake 
50me  off  from  the  roof :  and  fall  upon  th'e 
''iloor;  in  this  last  sitilatibn  the  decbm^ 
on  makes  further  progress,  and  by  degrl^M 
limes  the  appearance  of  a  light  spicular  e£- 
'Ibscence*     Succeeding  flakes  go  tfarotogh^  a 

similar 


ttmilar  process^  and  in  time  the  whole  spacr^ 
up  to  the  verj  roof  itself,  is  completely  filled  i 
the  current  of  air  being  then  obstructed,  alL 
finrther  decomposition  >ofi  course  censes  tiii 
Ihe  efBoresced .  portion  is  refDoved^^'-^B/uL 
Jtmmali  voL  svL 
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OK  TfiB  UFPBm:6B00JrDitftT  BOCKSrJkXO 

-'  irki£  8TB-A1IA;  eO]ffTAIJN|IV&':-17aB^9  B£» 
MAINS  OF  BIV£B  FISH  ANb jQ^AOWdl^ 
PCDS. 

2>^A  of  Secondary  Strata  lying  between  the  Sur- 
face and  Primary  Rocks. — Magnesian  Lme- 
stone. — Singular  Contortions  and  Conj/igurations 
of  this  Rock. — Roe-stone. — Formation  of  the  im- 
bedded Globules. — C/ialkRocksand  Flint. — Beds 
qf  Gypsum :  Opinion  respecting  their  Format 
tion. — Gypsum  of  Derbyshire  aiul  Nottitigham- 
shire. — Bones  of  Quadrupeds  and  Shells  of  Ri- 
ver Fish  in  Strata  over  Chalk. — Alternation  of 
Strata  near  PariSy  containing  marine  and  fresh- 
xvaicr  Shells, — Geological  Inferences, — Fresh- 
water Lakes  of  America  and  Ancient  Europe. 

Jt  H£  secondary  rocks,  which  form  the  sub- 
ject of  the  present  chapter,  are  the  last  in  the 
series  descending  from  primary  mountains  to 
the  sea  coast.  Primary  and  transition  rocks 
may  be  supposed  to  he  buried  deep  undes 
them  in  flat  countries*  It  would  be  a  curious 
subject  of  investigation  to  determine  the  real 
d^p\l^  to  which  it  might  be  necessary  to  sink 

ill 
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in  such  ccmntriesy  in  ordeV  t6  Stttive  at  pti* 
mary  rocks.     Though  it  U  impossible'.  ^t)r 
our  present  meaais  t(>  pehetiftife  so  far  into  fh& 
earth,  yet,  by  a  kno»wledge-of  its  strtletih^,*^ 
l¥e  may  sometimes  deterttiihi^the  'deptlP'ttf 
diflferent  rocks  without  breaking  *th^'gM>eMxdi 
If  we  suppose  plate  I.  fig.  1,  to  rep#*Sfent  thfe* 
section  of  a  country  over  which  "Wt  tone  'to 
travel  from  the  secondary  rocks  at  6  to  fh^ 
granitic  mountain  a,  by  observing  where  the' 
rocWS,  4,'S^  and  2  make  their  appearance 
from  under  each  other,  and  noticing  tbeii' 
breadth  and  angle  of  elei'ation,  we  tnay  As^ 
certain  the  thickness  of  each  rock,  and  tlM 
depth  of  the  granite  from  any  part  of  the 
surface.     This,  however,  can  only  be  done  in 
situations  where  the  continuity  of  the  ro^ki ' 
and  strata  is  not  broken  by  what  miners  call' 
faults  or  dykes,  which  throw  them  out  of 
their  regular  position.     A  reprfesentatioli  of 
the  succession  of  rocks,  as  they  rise  to  ^thef" 
surface,  through  the  counties  of  Northum- 
berland  and    Durham,  is   given  plate  VII.' 
fig.  1 ,  and  a  section  of  the  strata  nearly  four- 
teen hundred  yards  in  depth.  ^'    • 
In  the  succession  of  upper  secondary  rocks 
in  different  countries  there  is  great  diversity, 

but 


but .  tlbey  agree  in  being    g^ierally  nbre 
earthy^  wid  Boft  than  ^tbe  lower  secondaiy 
rocks.     They  consist  prindpally  of  coarse 
sand-fitonesy    earthy  lime-stone,    calcareotm 
saiidfatone,  and  chalk,  and  are  particularly 
distinguished  by  the*  variety  of  organic  re^ 
mains  which  they  contain. 
-vtStr^tified  lUme-stone  and  calcareous  sand- 
slwW'  separate  coal  districts  from  chalk  on 
the  soAitb-eastem  side  of  the  island.     They 
extend  from  Dorchester  to  Northamptonshire^' 
and  on.  the  eastern  side  of  Leicestershire) 
Nottinghamshire,  Yorkshire,  into  part  of  Dur- 
}iam  and  Northumberland.    The  earthy  lirne*^ 
atone  in  this  range  is  frequently  of.  a  yellow 
colour,  and  some  of  the  beds  contain  more 
tbao^40  per  cent,  of  the  carbonate  of  mag* 
sesia.     Few  organic  remains  occur  in  the 
siagnesian   lime-stone  ;    it   is  generally  di- 
stinctly stratified,  and  the  strata  are  nearly 
liMizontal,  but  may  be  perceired  to  dip  to  the 
^aat.     In  some  situations  at  a  distance  from 
ihis  range,  hills  of  maguesian  lime  occur,  the 
l)eds  of  which  are  elevated  and  singularly 
contorted,   and    the  stratification  indistinct. 
Some  beds  of  the  magnesian  lime-stone  are 
ivorked  for  building-stone,  which  is  rery  du- 
rable, 
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nble,  and  resists  the  action  of  acids  sfod  tile 
decoiBposing  effects  of  atmospheric  infiueaee 
belter  than  any  other  calcareous  stone,  Yoffk 
minster  and  the  walls  of  that  city  are  bmlt 
of  this  stone.  In  the  county  of  Darhum, 
near  Sunderland,  the  magnesian  Nroe-sttoe 
frequently  presents  the  most  singular  conft* 
giirations ;  it  also  yields  a  foetid  smell  when 
Mruck  with  a  hammer,  being  of  that  varie^ 
called  by  mineralogists  swine^stone.  See  the 
chapter  on  the  Geology  of  England. 

It  is  erroneously  supposed  that  magnedMi 
lime  is  injurious  to  land,  and  unsuitable  fcr 
agricultural  purposes ;  the  fact  is,  that  a  small 
quantity  will  produce  a  more  powerful  eflect 
than  :i  greater  quantity  of  common  lime. 

Various  beds  of  calcareous  sand-stone,  marie, 
sand,  and  roe-stone  occur  between  the  above 
lime-stone  and  chalk.  The  most  important 
of  these  is  the  oolite  or  roe-stone,  a  species  of 
lime-stone  which  derives  its  name  from  small 
globules  imbedded  in  it,  supposed  to  resemble 
the  roes  of  fishes.  Portland-stone  and  the 
ketton-stone  in  Northamptonshire  are  varie- 
ties of  roe-stone ;  the  former  is  procured  at 
the  isle  of  Portland,  and  extensively  used*for 
public  edifices  in  the  metropolis.     It  consists 

of 


of  lime  an^^a  small  paition  of  nilex,  clay, 
wni  .1^6  oxyd-rof  iron,    f  ordand^stone  ex« 
tHBdn  as  far  nortbv  as  Hackness,  north  of 
Sciil#>Moagh»  in  Yorkshire. 
rrrJ^tlSti^d-stcme  contains  shells  and  other 
qffiganicremaiaiit  but  the  small  globides  by 
ip4^ch  it  is  distinguished  are  the  result  of  cr  j« 
ftaUizatiqn.    \  ijhink  this  is  demonstrated  by 
^analogous  foriBation  in  beds  of  calcareous 
^ffd^/Oi  marje,  which  ocpur  in  the  magnesian 
lime-stone  near  Sunderland.      These  beds 
mntnin  numerous  balls,  varying  in  sise  from 
AiWnaU  pea  to  eight  or  nine  inches  in  dia- 
niA^r.    These  balls  have  a  crystalline  ra- 
dialed  structure :  in  many  instances  the  pro- 
cess of  their  enlargement  has  been  checked 
liyftjQQeeting  with  other  balls,  which  has  pre- 
Ttpted  their  extension  in  that  direction,  and 
|vft  Or  more  balls  have  united,  representing 
mhitrftff  with  segments  cut  off,  and  joined  at 
^|il§r)place  of  section.     Had  the  base  of  the 
Portland-stone  remained  soft  like  the  calca- 
iBpous  marie  at  Sunderland,  in  all  probability 
^Ae  globules  would  have  enlarged  by  a  similar 


The  beds  of  sand  and  sMid-stone  with  clay, 

i^Mch  separate  the  polite  from  chalk,  extend 

\  p  with 


1^  4fNitM8«lef|»i9ide  pf  E<|glaiui^  >but  v«rjr 
}n§  if^.  tMr  thioHne^s.  It  h»9  beep  pbsei^ 
f^^ifierent  org^P  refnaios  belong  AliRff^ 
«)t^sif{f ly  (o  partfculftT  »ti^ta,  ^nd  the  «i|iiie 
Itipd  m^  ^und  in  the  same  i^tmtupi  tliitH|gl)r 
out  its  whole  extent,  as  far  9S  has  be^  trao^df 
)b  Htm  midlaod  and  northern  counti^9  l^^rf^ 
^ulaiity  can  be  dlstinguiahed,  and  mafiy  .^ 
^  strata  are  entirely  missing  which  oocpr  io 
tlwsowth. 

Chalk  is  a  soft  white  calcareous  stoi»e»  ifio 
w«tt  kpown  to  need  a  particular  descriptM»i« 
It  has  been  observed  that  chalk  occupies  w* 
tuations  near  the  sea,  and  has  a  low  comfHh 
IjitiTe  elevation.  Chalk  is  coxngiov  ia  tho 
south-eastem  part  of  England,  and  ia  thi 
lower  distriets  of  Europe  at  no  great  distolioa 
from  the  Baluc  and  the  German  ocean.  S  but 
I  believe  no  calcareous  stone  exactly  WBlIw 
is  f>und  in  the  south  of  Europe,  or  in  Amur 
Africa,  though  some  earthy  Ume-stooea  bayn 
beon  caUed  chalk  by  travellers.  Neither  chialk 
npr  roe-stope  was  discovered  by  Humboldt  in 
South  America,  nor  have  they  been  obswnrad 

io  my  part  of  the  Uaitod  States. 
.  The  Qbalk  hills  of  England  spma4  through, 

many 
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many  of  the  eastern  coun^M  from  Dorset- 
shire  to  the  hills  called  the  Wolds  in  the 
fiSiiSt  Kding  of  Yorkshire.  The  upper  Or  soft 
chalk  containing  flint  is  from  four  hundred 
tei^ttk  hnndred  feet  in  thickness;  in  many 
ptttt  of  its  course  it  lies  in  thick  beds  in* 
dlMstibtly  stratified.  'Nodules  of  flint  are  ar» 
Mitaged  in  chalk  in  paralld  layers  at  difierent 
depths  under  each  other. 

Flint  is  a  well  known  substancci  comjxised 
ahnost  entirely  of  siliceous  earth.  The  curi- 
oAty  of  geolo^ts  has  been  excited  to  dis- 
coyer  iii  what  manner  nodules .  of  this  sub- 
atance  came  into  the  midst  of  calcareous 
xocks.  In  Derbyshffe*  ibe  upper  beds  of 
compact  lime-stone  are  divided  by  seams  of 
ailieeoos  earth,  called'  chert^  which  nearly  re« 
Mmbles  flint. 

It 'is  not  improbable  that  siliceous  earth 
^sutij  have  permeated  the  lime,  and  been  af- 
tjjBrwards  separated  by  chemical  aflinity,  and 
^xiUected  in  fissures  and  cavities  of  the  calca- 
moui  rock.   The  passage  of  one  mineral  sub- 
«teo)ce  through  another,  even  in  a  solid  state, 
«q>pears  to  be  confirmed  by  numerous  analo- 
gous fiicts,  however  difficult  it  may  be  to  ex« 
|iliin.    An  experiment  of  Peltier  may  throw 
'  <^^-  p  2  some 
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some  light  on  the  subject:  he  mixed  a  soTu^ 
tion  of  alum  with  day,  andftrmed  che  whole 
into  a  paste.  Hie  mass  *  was  br6keh  *  w%eii 
perfectly  dry,  and  the  alum  \^s-^  observed 
collected  into  detachied  Crystals  in  diffiii^iitt 
parts  of  the  clay,  being^  separated  t^^ttft 
power  tif  chemical  affinity  and  cryslalliM  faifw 
rangeiii^nt,  which  the  tenacity  of  the  clay 
could  nifltdestttiy;  .    »  \       ; 

:It  is  the  'o(Jinion  of  seme  geoltfglitts,  that 
siliceous  earth 'is  derived  frOm  (he'fl^^ 
those  animals  whosb  shells  have '  ft rinetf  cal- 
careous ^ck^;  M n '  Parkinson,  '^ity'hiAs  be^ 
^wed  ik^ch^ftttention  on  thik  snb)^ct,^tiWtto 
iis  an  olijectidir,  that  ^^  there  dbetf  libtf'iippii^ 
to  be  a  ^ngle  iifi^tance  in  whi^h  'l4ie  ^M^Hl 
remains  are  impregnated  with  sifei/'Onftfte 
contrary,  the  substance  of  all '  th^sibf'' fitiMIs 
ha's^  become  calcareous  spbr,  and  theki*  ^^ftVi- 
ties  have  been  filled  with  (lint ;  thud  "ijdaMly 
cvihcing  that  sufficient  time  must  havieetslfMtfl 
foir  the  ci^stalHzation  of  the  caicar(;6tiir')^br, 
previously  to  the'iAfiltratiori  of  *he  flfirt.^'*In 
no'itistari^edoes  the  fhfit,  although  in  con- 
tact  with  the  spar,'  iappear  to  become  mix t 
with  it.  The' reverse  6f  this  is  the  case  with 
the  chalk,  since  the  latter  may  be  seen  in  al« 

most 
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mOttt  every  degree  of  uoion  with  the  flinty  from 
being  hlended  with  the  substance,  .to  being 
united  with  its  sur&ce,  and  forming  thef  white 
coatnof  iiiut/'  I  cannot  think  the^e  &cts 
militiaite  against  the  opinion  that  lime  and 
^t  are  convertible  into  each  other  by  natu* 
xal  processes.  When  substances  crystallize, 
tbe  .ditiPerent  constituent  parts  are  always  dis- 
posed to  separate,  and  present  each  sub- 
stance in  its  simplest  state:  hence  we  might 
expect  that  calcareous,  crystals  or  spar  would 
be  free  from  any  admixture  of  flint,  as  they 
ve. described  to  be  by  Mr.  Parkinson.  It 
is  well  knospn  that  shells  of  echini,  which  once 
wece  calcareous,  are  found  entirely  composed 
o£  fliat ;  a^d  it  is  the  common  belief  of  work- 
ing, miners,  that  lime  and  flint  are  changed 
into  each  other.  This  belief  has  been  treated 
with  contempt :  but  before  we  hastily  reject 
the .  opinions  of  practical  men,  we  should  do 
well  to  consider  whether  such  opinions  are  in 
opposition  to  facts,  or  are  only  at  variance 
with  existing  theories.  Until  we  know  whe- 
ther .the  metallic  bases  of ,  the  earths  be  sim- 
ple substances,  or  compounds  formed  of  more 
elementary  principles,  it  would  be  premature 
to  deny  the  possibility  of  their  conversion 

into 


into  euk  etiier  >  by  imtoml '  pjtteMfca^^di 
iriiick  we  are  at  present  uiMcquanted^  f  q  f;. 
}i^3be  fewer  beds  of  chalk  are  hanier>^Mi4 
mure  compact  than  the  upper,  aoad:  xxaflm^- 
Heitktt  wnluJes  aor  layer$:  of  flinib    TkA^  is 
qittMdoroAi'by  Mr*  ParkiMon  as  a  disttnljt 
finAalionic  fae  says,:  ^*  hardly  a*  > single' Aeiii:!^ 
haa^ieenxfbund  i»' it  which  has  been  niefe<fallrv 
iiu  tfa0va#fi;:^dii^,  or  any  other  stratimb?' 
Tki  kiwerbebalk  is  properiy  an^  eaorthyilisiie* 
•twvc«d  ii»sMietiiiie».»8d  for  ibiittfaB.1 

iiirtmiilli  ■:>:{■  i.  -i.! '  .."■  ■  •  ii.'i".  j  ncni  t*> 
-/|[iUjlb&  oiticbr  of  jRieoession  prooeedii^tfrbiiiE^ 
d^dDae^fcJpiiittary  racks :  to  the-  tlpper'sdcaBafr  *' 
chsjoriidbsi  ithe  ^l^vo.ibedsofihatab  aadieoft> 
fihaikicfaavb^Jbeort  oonsidned  i»  ithe  .laabifX^ 
appRknost  of  tbe'sobd  rockii  oTi  strat^i  90kvirJ^ 
tfaRiafaalk  eacm  thicks  beds  of  ckviBaidimmir^ 

ttboHijif  stistB^  iwhiclEiajppeato  4oikafveyJbee^ 
di|mit)BdiBt  <te  botMDof!extensive;laknk{tf 
fipMi  water:/  thso^wi}!  besubsequently  notiotfl^if 
<£fakle  lileicoolvaif^thisiekto  diioadyoemi^ 
iylBd,iriitte  iskdiotber subsllaiicsMSill{Jnto^ 
of  lime,  gypsum;  jor/p|afeitetf'-vrtoa9yKwttcii(|« 

Apeigh    nnf  vftry  fthiindnnfj   is   mfi^   with   in 

varianMSitwlieos^  MMUg  »«MQ«da^i£)ieokt* 

n. -J--;  V'J-  It 


ISnjpaitks ^^  Ikneir and'  46  06 /.sulpharal  )flttd^ 
iMaAiiu^nwitii  fil^vparts  >o£^i«iterxio  Wfen^ 
lAinfMirtiifcifttfcalkdi'atei^ 
Ko^ciy^taUiCBd^  adenite :  iiKMBe  imietMb  of. 
gifitiiifciBm^  fibromv'-odien  fitliirf^idi'^^  v^/R  kai 
iyh>Mjfitbeeii  ifimaed  hy  >tlMir?d6cofattf09kinlp. 
f  iiVin  pyrites,  ^hich  supplied  the  sulplairad^ 
indilt^at:aftfirward6^ttiiLted  m^i>tli«:rtobja- 

Aoebisrvdd  thdt  the^  marie  add  yatadicwait 
ypaaak,  ifi<many  parts  of  BLngknd^iCtoiittdfk. 
ila#ge  quaa€it3rof  radosyd  o£  iroik  'GypH 
kmm  Jobstingbished  £rom  lime  bjita  sofbhaasi 
robail  not  fljQTafvesce  iiritb  aayi  oaidi^  •bmgi 
hsaiy^aatrirmtedinFhlvtteaiiiph  Nalitfia 

klpfadkriis  sometimsB ilouiid:  kstteniiiitjWtfk 
^piutDC  iatbesa-  oases^  profiMkbiy^  Aba  dtak 
fanikvLoid  basJMaaidecompoaed'by  tba.fbb- 
musi^pf  ammali  -  or vvc^^otabia  matMr  obmB^ 
bdodiouiupoisitioii  c^^pryntes;. 
,fli  fiii'iv  ■itii'^.  1"  ,i.i».;-ii  .■;^ -^  ■  •■       n  ...^iiiiii;" 
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Gjpsum  has  been  occMionally  discovered 
in  priinary  mnd  transition  taiountmns :  rit  be- 
V^8yinore  pecoliarly  to  secondary^tratified 
V(3fiJLSj  bu:^  may  be  formed  in  all  situations 
where  June  and  sulphuric  acid  exist  near  to 
9M?t»  oth^r^i.  .  .  .      "        ..  w     ...I 

I -Though  gypsum  rarely  contains  jsheils, 
bqnes  s^re .  sometimes  found  in  it :  hence  it 
ba&  been  f  supposed  that  sulphuhc  add  idoi» 
%^Ry ^.  ;tjia  traces  of  i  organization)  in  the  rSotm 
u^f^jif)^i{Ai  fioi^mt  of  lime  and  oarbonie  aoidy 
ljHit(„^t^;.with  leas  force  on  hones^  which 
cpn^aip^pbospboric  acid.  .  .  -^  .  .  .  /  m 
ii.JfiG  b|^>pC,gypsii«a at  Che}l39ton»Mifttha 
«*WM^bii$ifrt^rby shire,  are  sitiiated:  neanrthtt 
^Al«^i«ff  Trcmt,  in. hills  of  lowelevatiooirMfAiiffib 
may  be  eoasidered  as  nforanng  the.nortiieMI 

*^'*  Vhe^  -J&cipIUB  of  Werner  have  verjringcWonii/ as- 
signed'paitiealar<«Utidni  for  diflkreiit  kifkb^of  gyfMttt^ 
l)iit  Jtbf^.  de8criptiops,arei4viigularly  jooafiised:-  thii^  Mh 
Jameson  places  what  he  calls  th^  first  (floetz)  gyp^^p^  oyer 
thie  first  (fioetz)  lime-stone,  and  the  second  floetz  gypsum 
orerthe  second  sahd-stone :  and  then  informs  us  th&t  tne 
gypsum  of  Gheshiie  befengs  to  the  latter ,  though  it  iaas-^ 
sociated'With-roek-ealC,  and  red  sand-stone^  wfaidr -he 
before  states  lie  under  the  first  floetz  lime.  Of  the  gypsum 
of  Derbyshire  he  says^  ^  to  what  formation  it  belongs  we 

knowYiDt,  as  no  weir  edueated  geognM:  ha^  "eV(er  com- 
nmirieittdimyAiMratioiistespeedhgit,''  '    >"^v 

niay 
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boiundary  of  the  vale.  The  gypsum  bedd  on 
the  other  side  of^4he  vale  are  in*  hills,  i?bich 
form  the  southern  boundary  near  the  junctioh 
af  the  virers  Soar  and  Trent.  The  g3rpsum 
is  omrered  by  marie  and  gravel  containing 
numerous  organic  impressions,  among  which 
I  'Collected  belemnites,  grypbites,*  joints  of 
the  pentacrinite,  bivalve  shells  which  ap- 
pear compressed,  and«one  specimen  of  ia  nu* 
mulitei  The  principal  beds  are  of  con- 
sidejeable  thickness;  the  stone  is  compact^ 
and  where  it  is  not  discoloured  by  an  inters 
mixture  of  red  marie,  or  by  stripes  of  green^ 
iib.*  marie,  it  is  white  and  translucent.  Thin 
strata  of  beautiful  white  fibrous  gypsum  oc- 
cttv  in  marley  at  Clifton,  on  the  south  side  of 
the  Trent,  near  Nottingham,  - 

.  The  geological  situation  jo{  the  Derbyriiire 
gyjMum  maybe  represented  as  sitnatediin 
tte  upper  secondary  strata ,  separated  frdth  the 
nibutatain  lime  by  intervening  coal  districts 
on  dne  side,  and  from  the  stratified  magnesian 
Ikoofl  by  sand-stone  on  the  other  side*^ 


T     ■ 
■  ■■■  ■■   ■"" 


*  A  disciple  of  Werner  .would  scarcely  hesitate  in  de* 
nominating  this  the  secemd  floetz  gj'psum.  The  sand-stono 
wc«t  of  Nottingham  has  many  ebaracters  nmilar  to  those  of 
the  second  aand-tt^n^  fiMVistion  described  by  .Mr .  Jfuneson. 

No 
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JMTffiOrgwueMiiiaiM  liairt^  been  jdboonadl 
miiimgyfmmi  of  Derbythiteor  NottipiglbiMhi 
flhite/lihtMgb  they  lamlabifiidmt  iAitbm^mSliA 
and  intf le  whiob  /ooTe^  it.  1 « ^Mmm^,  t^O'i  latkli 
airoumMinoei  it: .  seema^  [mrfieMe  4b»t3Mriar« 
ditftiiicttlbniiatoQft  from  tba(t;J9£.Cb6«hi[ieyj[tlHi 
covering  of  whichvcontatne>aolibeU9^vwc0rA^ 
kgftiis  thetdeaciifptltAi^^^^  BAIIve 

cf otfaat  oftiiiktiTiirf^  efr€bfl^ 

6hthB;)r><;;bftllr$tn8  idwnhiiifgrdlWi.  tbeDlflilBBt 
ttkmnl  ien  ipf  >  limeAtofte  t  \  iutt  in  eonerfltsM 
taonii'.oftlcareote  ^stratehtDre  beef^dMbKyMieft 
€»e#:)chBHE)h(whtdb:f  raotfttini  (be :  i  nemnittsvif) 
fmtfiwitev'ataidmli,'  fend  tkmm  afcreta  tee  BgAa. 
o9ffefeA\b^  edien  o€>  marine  jOft^«tn^^7T7oH 
-'inimaliy  ofrthe>aoutbetai'tsountaB»49f  qBdr^: 
gland,  the  cfaalkuimnlMiately  cb^eied  ;bg^ 
a/laed'Cif'>dlay.more  dian=x>ne»ibundjied^itriBl<' 
ti)taBt|rnfeet;tfalck  2<  ur  some  jpnitsiit  tljCHiynli 
thij»  Lofadon.  ^^laijr^  ibetng^^tbe^atrstiim  nddob^ 
estehdsio^Ht(tbe>iral0o£  S'hateB*; where/ Eiui§< 
dbnois  .skildted^u  fItf'COtistitQtcar  tfaeibada  ei.. 
lhf^pAje*Saliki  wfaem  it^has  ^kteljifaeeh^fciBtu 
tl)faQi|{|gk>'Utf  fofifihg  therinteiMied^iiineLl  iv  OkI  ^ 
ganbioetoabiS'fof  nailui)i-:nnd  otfaei^  tnsbiiiibv 
anai^  onoiur  4b  thia  olayy  and.  ial80)iA>6iit' 
woodb^  lliis  clay  is  covered  by  gravel  and 

marie. 
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untrle.  In  tbb  mark  the  bdnesof  the  ^e^ 
pliBitt^  the  Mp{x)pol*mii8  And  the  elk  ar&^iMt 
vnAequieDtly  found.  In  the  Isle  of  Wiglit 
«b^l^'  is  'a  series  of  strata  over  the  olaj  ^cbw 
tainiAg'the  remaiiis  of  imh«^water  fish,  and 
iMttiy  shells  shAilar  te  what  we  found  in  < tb« 
strata  over  chalk  near  Paris.      - 

l^e  plaster  quarries  at  Montmaitrey  in't^ 
^n^oiis  of  Paris,  are  celebrated  for  their. 
BiMfteroHs  and  remarkable  organic  ¥ediabuk: 
JMfatttmartre  is  elevated  about  ^  eighty  ydal 
nikHPfe  the  level  of  tfafe  Seine,  the  sammitrrit.' 
ciWAred  with  vegetable  earth,  >  under  .whtcfekr 
«ni]ifed'<(»f  sand  mixt  with- pebbles  ^' flint!: 
Horisontal'  strata  of  marie,  eardiy  Uthi^QtoME' 
aifdUgy|Mnim  succeed  each  other. ^^  Hhs  qnirw 
ricii^  iucording  to  M«  Sage,  may  be.iooak^ 
aMetiedaB divided  into  three  large  bedsMfte; 
fifasti^fOiUed'by  the  workmen  ^^  biuite  mmsn;^.- 
i^oftim  mole  than  fifty  foet  thick,  ^abd  hi  dU 
saBfitly^  stratified ;  it  rests  on  a  bed  of"  'MuKi- 
isbelajf'iiiteirmirt'with'  mirle.-.    The-secomli 
liMHs'foiittetofi^t  thick  in  cbnti^ubusBtestaii^ 
t:bii^>  also  -■  rests •  ou  marld  -.  The  third  <  bedv ' 
caUed  ^  baise  oarridrei,^^  is  •about.  fQurtBett""^ 
£eet'  tbick,  f  biit  divided  into  six  strata, 
t>-'-  ..''-■  »-  ■       ratted*^:- 
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rated  by  layers  of  marie.     The  lowest  is  on 
a  level  with  the  plain^  and  rests  on  chalk. 

:  The  following  extracts  from  the  Gcogra- 
phie  Mio6ralogique  des  Elnvirons  de  Paiis, 
par  M.  Cuvier,  torn.  L  will  more  particularly 
explain  the  appearance  and  succession  of  the 
strata. 

"  The  country  in  which  the  capital  of 
France  is  situated  is  perhaps  the  most  remark- 
able that  has  vet  been  observed,  both  frpm 
the  succession  of  diiferent  soils  of  which  it  is 
formed,  and  froni  the  extraordinary  organic 
remains  which  ic  contains.  Millions  of  ma- 
ripe  shells,  which  alternate  regularly  w^th 
fresh-water  shells,  compose  the  princip|l 
mass.  Biones  of  land  animals,  of  which  tlie 
genera  are  entirely  unknown,  are  found  in 
certain  parts;  other  bones  remarkable  for 
their  vast  size,  and  oF  which  some  of  similar 
genera  (quelques  congeneres)  exist  only  in 
distant  countries,  are  found  scattered  in  the 
upper  beds. ,  A  marked  character  of  a  great 
irruption  from  4lie  south-east  is  impressed  on 
the  summits,  {caps)  and  in  the  direction  of 
thejprincipal  hills.  In  one  word,  no  canton 
can  afford  more   instniction  respecting  the 

last 


kst  revolutions  A^hich  have  terminated  the 
fornnation  of  the  present  continenfts•^^  > 
fKFhougb  chalk  is  the  foundation  rock  of  ;the 
cdtmtrj  ibr  a  considerable^extratmoiidfJhMqs^ 
iViMfdy  rises  to  the  surface  in  a'fiMriaituAtiom^ 
ll^ng'dd^red  hy  ihj  other 'stmlta  in « the 'Al- 
lowing order,  beginning  with  the  lowest  from 
Hte  Cfhaik)  or  lo^i^est  stratanv  yMii  ^  .^        i 

^n V* t'hstic  dav  And knm^ «uMi     JiVr.r:n    u.:\i  \tiut 
?jr&  Gmiise  lime-stone,  or  •,    i9lt||Mif-fit|||Kli9n% 

^4  ffOwer  marine  sand-stone.  3  4  is  a  bed'dT  calca- 
0  LoWer  fires^-water  strata.  reouf  stbne  p6n6ttated 
'f  T^^Gypseons  clay  and  -gypsiMn  by silncwitbilrt;  shells; 
iirji  t.'amt^ningboact  of  qua-  '  it  occup}ff,,tbe  pla^ 
IIj       drupeds.  of  3  and  4  where  it 

8  A  bed  of  o>'sters.  occurs. 

9'  S>and  and  sand-stone  with- 
out shells. 
ilO  Superior  marine  sand-stone. .  ,  i.< 

|1.  Mill-stone  without  shells  and  argillaceous  sand.   ,. 
12  Fresh-water  formation  including  marles^  mill-stone. 

and  fresh-water  shells. 
"19  Alluvial  soil,  antient  and  modern,  inchiding  pel>bl^9 
pudding-stone,  black  earth  (far  maniBs  argiUansci 
.    ,  ..  noire5)j  and  peat. 

«'JThe  total  thickness  of  the  different  bed« 
and  strata  over  the  chalk,  as  given  \fl  an 
ideal  sec  lion  of  the  country  in  the  first  tome, 

is 


\  . 
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im  about  Me  bundred  and  fifty  ttetres,  ijt 
near  four  hundred  and  ninety  ftet.  ^^ 

The  inferences  which  CuTier  and  his  attri!^ 
oafee  BrongniaM;  have  drawn  firom  the  organic 
remains  of  marine  and  fresh*water  animalf 
found  over  each  other  at  this  place,  are  flWit^- 
prised  in  the  following  summary  account  o^ 
the  seas  or  lakes  of  salt  or  fresh  water,  wfaich^ 

* 

they  suppose  have  ultimately  covered"  tte' 
surfiure  «round  P^ris,  and  deposited  the  dif- 
feffent  beds  oramerated  above. 

Jut  A  sea  which  depositisd  an  enormoos 
mass  of  chalk,  with  molluscous  animals  of  a 
particular  species.  (No.  1.  chalk  and  flint) 

Sd.  The  sudden  variation  of  this  deposit 
tion,  and  the  succession  of  one  entirely  dif- 
ferent, ("  d'une  toute  autre  nature/')  which 
deposited    only  beds  of  clay,  and  sand**' 
(No.  2.  plastic  clay.) 

Sd.  Another  sea  soon  succeeded  (or  the 
first  returned  again),  producing  new  inha** 
bitants;  a  prodigious  quantity  of  testaqeoi:^ 
mollusci,  different  from  those  in  chAlk,  form-* 
ing  thick  beds  at  the  bottom  of  this  deposi- 
tion«  which  are  principally  composed  of  the  co* 

■■  I  I       ■  II  ■    ■  I  I  ,    m  I      I  I  ■        t  iiiM 

*  The  editor  of  the  Journal  de  Physique  observes  that 
ibsnl  wood  b  discovered  in  these  beds. 

verings 


illfmgiEii)^Aeata4}eo^  des  envelopM 

;e3iac4ea").  ^(No.  3«ndt<^  calcwe  grossi^.) 
rbtfk  wvsowik  after  rttunied.  \ 

4tb>  The  fWi^e  wm  covered  with  fintih 
wf^r  (^'  eau  douoe'')i  aod  beds  were  formed 
lUematuig  with  gypsum  and  iimrle»  which 
»veloped  the  debris  of  anionls  bred  in  the 
akesy  and  the  bones  of  those  living  on  its 
mnks,  (No.  6  and  70 

5th.  The  salt  water  retureedt  and  sup* 
x>rted  first  a  species  of  animab  with  bivalve 
beUs;  and  others  with  turbinated  sheUa 
*f  coquilles  turbinat4ei'') ;  these  shells  ceased 
o  he  formed,  and  ware  suoceeded  by  oysters. 
in  interval  of  time  elapsed,  during  which  a 
onsiderable  depoMtion*of  sand  took  place; 
lo  animab  then  existed  in  these  lakes,  or 
beir  remains  have  been  entirely  destroyed. 
No.  8  and  90 

6th.  The  various  productions  of  the  second 
awer  sea  (^^  la  mer  inf6rieure'')  reappeart  and 
fQ'fiod  on  the  summit  of  Montmartre,  Ro-* 
Qsmville,.  ^^e^  ^e  same  shells  which  occur  in 
he  middle  of  the  coarse  earthy  lime^-stone 
"  calcaire  grossi^re"').  (No.  K)  and  11.) 

"Tth.  At  length  the  sea  entirely  disappeared 
br  the  second  time  firom  the  lakes,  and  pools 
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of  fresh  water  ('^  mares  d'eau  douce'')  sup— 
plied  its  place,  and  covered  with  their-  inha«- 
bitants  almost  all  the  summits  of  the  adjacent^ 
banks,  and  the  surface  of  some  of  the  plains 
which  separated  them.  (No.  12  and  IS.) 

Cuvier  and  Brongniart  further  state,  thaU 
**  the  lowest  beds  of  gypsum  were  deposited, 
in  a  sea  analogous  to  the  ocean,  because  it^ 
supported  the  same  animals.''    In  this  state-^. 
ment  it  is  assumed  that  the  sea  has  repeat^ 
edly  risen  and  disappeared,  and  fresh  water 
has  supphed  its  place,  in  order  to  explain  th^ 
succession  of  marine  and  river  shells  ibund. 
in  the  different  strata  over  each  other.  There 
is,  however,  no  reason  to  believe  that  such  f^ 
succession  of  strata  exists,  except  in  countries^ 
where  chalk  is  found.    These  strata  are  local 
and  partial  formations. 

La  Metherie,  the  editor  of  the  Journal  dc 
Physique,  supposes  that  these  fresh-water 
shells,  and  the  remains  of  quadrupeds,  wer» 
carried  by  inundations  from  the  land,  and 
deposited  in  their  present  situation  by  mt^ 
rine  currents. 
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CHAPTER  X. 

SNERAL    OBSERVATIONS    ON  THE    FOR- 
MATION OF  SECONDARY  ROCKS. 

F  has  been  admitted  with  too  great  latitude 
^  geologists,  that  the  secondary  strata  are 
iacipally  formed  of  mechanical  depositions, 

of.  the  fragments  of  other  rocks  broken 
mn  and  comminuted  by  the  agency  of  wa- 
ry and  subsequently  consolidated.  It  cannot 
I  doubted  that  many  of  the  secondary  strata 
ntain  water-worn  particles  and  fragments : 
is  also  evident  that  the  mountains  and 
gher  parts  of  the  globe  were  oiice  more  ele- 
;ted  than  at  present ;  and  therefore  it  fol* 
i¥S,  that  depositions  from  them  were  spread 
er  the  lower  grounds,  and  have  formed  part 

many  secondary  beds  and  strata.  Some 
nd-stones  appear  to  be  entirely  formed  of 
e  debris  of  pre-existing  rocks  broken  down 
d  cemented  together,  as  in  various  conglo- 
erate  rocks.  The  sand  rock,  on  which  the 
wn  and  castle  of  Nottingham  are  situated, 
s  evidently  been  formed  in  this  manner :  it 
a  very  friable  sand-stone,  slightly  cemented 
'  oxyd  of  iron  and  clay,  containing  nu- 

U  merous 
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mfiaroas^moofth  pehbles  disseminated  ^tlikDvgk 
the  maBsy:aad  ki^^e  horizotitdL'*seemg[(tfadce 

bapsiniglH-bejpFoper  to  call;  inuih  rnkmiierH 
tmry^  Tbere  are  however  naiQ^roiis)  cvtrita 
among  ther^cxindary  rocks  which  .ane^lfigbljir 
crjrstalHne;  consisting  ahnort  entirely  of  pgab 
granular  quartz, -and  othen  of  crysttdime 
lime-stone.  Such  strata  must  haverfaadr/'B 
fiiteledf  fommtion  analogous  tothattif  Ihe 
j^hnary  Tocksf  and  cannot  be  consideled)'Ba 
mechanical  depositions.  There  is  a  aUiiliMtl 
of  siliceous,  sand-stone  fdhning  one  of  Afc 
lower  beds  in  the  Yorkshire  coal  field,  which 
i»  '^bsaulifuUy  white  aitd>  crystalline,  and  is 
applioifble  to  the  manufacture  of  some  kinds 
of  glass.  i-jifhf 

\  It  is  alsb  deserving  notice,  that  in  some  of 
the  secondary  strata  no  organic  remains  occur^ 
thoifgh  they  are  found  both  in  the  strata  above 
aad  "faelowi  We  must  either  suppose^  iardie86 
instances,  that  organia  beii^  had  ceased  to 
texist  in  the  places  where  such  strata-svi^n 
formed,  or  that  some  natural  process  had  bb» 
literated  all  trace  of  their  existence.  -^*f 

It  is  observable  that  calcareous  strata  can-* 
tain  remains  of  marine  animals,  but  seldom  if 

ever 
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•ver  those  of  vegetables.  Argillaceous  strata 
cofatain  remains  both^  of  regetables  and  aquib- 
tic  animals.  ^  In  siliceous  strata  organic  re- 
mains more  rai^ly  occur,  and  these  are  gene^ 
tally  of  large  vegetables^  completely  pene- 
trated with  silex,  with  scarcely  any  trace  ot 
their  vegetable  origin  but  the  form,  and 
Mmettmes  a  thin  incrustation  of  carbona* 
ceous  matter. 

I  have'  before  stated  my  opinion  that  the 
secondary  strata  are  local  formations,  and 
thst  some  of  the  upper  strata  were  formed  in 
detached  lakes.  But  I  believe  a  more  «n« 
krged  view  will  be  sufficient  to  proVe  diat  all 
the  stratified  rocks  above  the  red  sand-^itone 
and  alpine^  lime-stone,  are  local  formatibns, 
which  had  their  origin  in  detached  hollows 
^  seas  of  great  extent,  and  are  limited  to 
certain  portions  of  the  globe.  The  observa^ 
tions  of  travellers  in  various  parts  of  the  world  ^ 
incontestably  prove  that  these  formations  ^re 
local.  I  am  even  inclined  to  consider  the 
red  sand-stone  and  the  alpine  lime^stone  also 
as  local  formations,  but  of  much  greater  ex-- 
tent  than  any  of  the  strata  above  them ;  and 
I  further  think  that,  if  this  view  of  the  sub- 
ject wwe  admitted^  it  would  relieve  geologists 

Q  2  from 
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£roiO  the  greatest  difficalties-  under  ivhich  the 
.Mi^Ace  labours  ;»t  present,  find  would  tgoi  liifir 
to  establish  a  simple  and  perapicuoHs^ior^em, 
'ip^ieh  will  at  once  account  ^b^tb  for. tbe^fiiBi- 
Jaiiljij  and  the  diversity  of  rockibnaa^Df^.^. 
jvioirious  parts  of  the  world.  If  the  rfaowg^lef^ftH-ssR 
.ivare  onee  much  higher  than  ati  t^fiese^Wnif^' 
miBt  be  admitted  that,  before  the  f^vpMl^cwL^ci 

of  the  secondar5'  strata,  the  vallej^.and^liol- 

Iowa  were  deeper  in  a  &r  greater, proporti^] 
beeause^  to  the  height  of  the  surrouodi 
a^tintainsy  we  must  add  the  whola-  deplM'^i^^ 
4b9aeoQQdar3r  strata  which  were  then  vaiUwdgi— ^* 
JSj^ifwhate^^er  .process  the  8econdai\3F  aj^tp^r^ 
imiie  jEormed,  the  existence  of  organic  xfrtim^^^^ 
in  them  incontestably  proves  that  tis^ya] 
deposited  in  succession;  and  the^ regqlaril 
with  which  they  are  spread,  further.  'piN>vt 
ifaat  the  greater  part  were  deposke4  in  %Aw 

.  .A9  there  are  indubitable  proofs  that (tibt 

water,  onoe  covered  all  the  existing,  copjli 

oents,  it  follows  thaty  when  the  ocean  retired^--— 
.Qfl^vHhich  is  the  same  in  ^fiect^  when  Um  ^y 
Iwid .emerged  from  the  sea,  vast  inlapdf^aAcQT' 
hikw  wpi^ld  be  left,  at  the  bottom^f  r^Vit^ 

tbe^  secondary  strata  were  fQtfmd.yiiAfi^^ 

Bevk 
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8%  retired  further,  the  higher  grounds  being 
krfl^ry,  these  large  inland  fifeas  or  lakes  would 
be  contracted)  and  h  number  of  smaller  iso- 
lated IM^es  would  occupy  the  lowest  cavities 
'trnd^Htepressions ;  in  each  of  which  separate 
-dfifAMitions  of  strata  might  take  place.  The 
%^§r  strata  wouM  therefore  be  the  most 
WkWy-  spread,  and  the  upper  would  consti- 
tMe'^independent  formations  of  greater  or  less 
H^iterit^  in  Mfhich  their  might  be  great  simila- 
^yin  some  situations,  and  mruqh  diversity  ih 
litK^itsi^  Now  such  is  found  to  be  the  fact.  The 
Cb6Ve  I  consider  not  as  hypothetical  assump- 
tions, but  as  legitimate  inferences  from  indis- 
putable facts,  which  will  go  fer  to  explain  the 
formation  of  the  upper  surface  of  the  globe  in 
A-'dfmple  and  intelligible  manner,  consonant 
Irith  its  present  physical  structure. 
■  Were  I  to  proceed  a  step  further,  and  in- 
quire respecting  the  origin  of  the  matter  that 
forms  the  secondary  strata,  I  must  advance 
hypotheses  which  I  wish  to  keep  distant  from 
Acts.  I  am  however  inclined  to  believe  that 
the  interior  of  the  earth  is  the  great  storehouse 
end  laboratory  from  whence  all  the  elements 
of  the  rocks  that  now  cover  its  surface  were 
originally  supplied.     Tiie  numerous  extinct 

volcanoes 
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vdetfiKMfv  that  hav^  beQn  donnai>tfrttmi^ra« 
tiibt€bt  timeS'ba^d  oncean^impoitantaiMEiiti  tftw 
Qtoonomy  6f  tbe-  giobei '  Their  inoii«hir>'Cr'iera« 
ters  are  of  irAmense  siee*  The  »i^ent  nmuth 
or  crater  of  Teneriffe  occupies  a  spaoe^f  lAircilife 
6(|i!are  leagues.  Its  syrrounding  walW  of  lava 
are- at  present  distinctly  visible.  -The  obser- 
vsrtions  of  Humboldt  and  numerous  traf^rellevs 
con finn -the  Assertion,  that  ^^  there  isF^tios^ 
tiv^  volcanic  crater  at  all  to  be  cotnfM|r4d4ii 
rf«e  with  those  that  are  extinct*.**-  '  J'*  '^3»^ 
^^'It  CArinot  be  doirbted  that  the '^cpMlttity 
l>f '  ttiattfeV'  ejected  M^as  propoitionate  M  Ailie 
mighty  *^nings  through  which  ^^t  ^i*i^ttt 
thrown  ottf.  When  the  present  coiUMiisMs 
ijrfet*c  covered  by  tbe  sba  or  by  lakes,'  tbiM 
volcanoes  were  ail  sabmarine,  ancfiipoWr^ 
forth  their  torrents  Of  water  impfcfgiMite^ii^icb 
sfhx  and  clay,  which  probably  hfeive  foflAMd 
nl^ny  of  the  ^cortdary  strata,  or  by^wbick 
tilt  'ftfedinrrent' til  ready  dt^posited  in  th^ofek^ 
b^cdnie  impregnaited  and  consolidated.  A«  it 
h'VJirty  by  analrtgy  that  we-  can  wit4i*iiy  ap- 
pearance of  pW)l)abiiity  spetik*  of  Hsucb^foAiia-* 
■Mi  *    

*  "See  a  very  intereslihg  and  petfipicuoiis  "aceottnt  of 
Terienflfc  Vflhe  Hbn.  H.'G.  Berinet,  in  the  s^oftd  volume 
of  the  Tratii/ijetib&s  dT  tfce  Otofo^cal  Bb&etf^  '■ 

tions, 


tioDs^iilinwiy  be;pro{Mr  tOyr^ioiark*  tbMtkLiaU 
tioM  iost«iiee&ftn>whicJ^:l«Q8e  aanids>jira  kiMwn 
toibciifoino»dAnt(^($lK>n&i.jil;:AppeQrSvt9)ibeie^ 
iesA«d  by  iafiltmflon  ijiQia'W«t«ir»i  in  .tb«i<yi(^T 

Skiljri;  ofi  PoFtag^ti  cmd  probably  of.  Gua^^ 
Ivi^iO  ;<7n9nd  fUitb^fj/liibAtiithiQ  o^ly  instatM^D 

9^|i^heJd<  in  8(9)Dl:iQRiby  )WOt:priWe  far4M«bf4 
view  of  what  i»  gftwg  Q«  AtiipJ^Wftt  i»,feili^es, 

«rkfir«A^i^Ufici^  >pojDil#,^(>wat^r»  j«k  rwi^chiwe 
iiiii  M  tbewHiiwBcftf  yi»r/S  ^bipk  l)edt>9Jf,«e4i- 
aMDt  fpriqedta;^  flpTwdipv6r^tl^fl.t>|(?|;to«^^and 
mulmmg  ^fsbrvia^f  pl^'H^d  ]^r^  9f;irffi9T 
4ii))9s^^.Xb0sQ<l  c«»)^der^isimil?F«l9  ,ti]i>p  b@d« 

J»^iVlgill««wus„9hakiiiii,jBe(ypdary,  rq*^?,,  j»nd 

jnn^jfiTQmooitQ^flffd  iwrtUi,)sith.pifcfi3  Q^jftw* 

isiltHlPod.are  it^b^d4?d,  .X^iflnvw^i^u^l^f 
le^liyed.and  diied  jio-tti^  plac^rWheji^t^b^y 

4r0i»'Uie^igWparl;i{,(^tb9  Qpuntryf. 
__  The 
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•ii'f /.-AqiBuiaal exaetly aiinikr  to<tfie .w>tQomte  WJsta  M 
prMept  in  tbt  jnwl  ii!f  tbe  riT*r  .Tm*.  ;.  rU  dii([^  ip  ^  r^- 
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'  Tbe  beds  of  clay  or  mud,  with  their  inckided 
fossils,  have  been  consolidated  by  8M(ie>  |)io« 
eess  different  from  mere  gradiml  desiocafiDn. 
Tbe  strata  of  crystalline  sand-stone  and  'kfene^ 
stone  strata,  with  which  they  are  ccprered,  ^mp* 
pear  to  be  formed  in  a  different  manner?  md 
Iain  inclined  to  refer  their  origin  toft.depoBi- 
tion  from  subterranean  waters  impregnated 
with  siliceous  or  calcareous  earth,  and  thnown 
out  of  the  immense  craters  of  ancient  vttlca- 
Boes,  like  the  torrent  which  flowed  from  the 
MOimitof  Etna  inOL794,  and  tbe  aquatkrelmp- 
tiioiis  frota  the  vast  volcanoes  in  thei  Andeai: 
!  (If  the  matter  of  which  the  secondai^y  strata 
aitti  principaily  formed  were  ejected*  fr6m  the 
interior  of  the  earth,  the  space  it  had  oem^ 
pied  might  be  filled  by  the  retiring  watei^fr  ^f 
tlie  ocean,  which  all  geologists  are  agreiM  had 
once  a  higher  level  than  at  present.  -     ■   ^^ 

In  proportion  to  the  diminution  of  tbe  -wa^ 
tars  of  the  large  lakes  the  number  of  small 

"**  "  I*  ...  I     i.    ■    ■  I  -  .^  ■ I  ^t  -  r  1  - - 

qiccft  but  in  ^zt,  being  about  half  an  inch  in  flivneter. 
Qq,  examining  it  with  a  lens,  and  oomparing  it  withia  gfcat 
variety  of  ammonites  at  Whitby,  there  were  some  with 
which  it  exactly  agreed  in  the  minutest  particular  of  form, 
curvBtore,  and  indentation  of  the  spirals.  We  cannot  thefe- 
foM  doubt  tiM  the  habitiidef  cf  b#l)i  ul^ 

lakes 
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Ukes  woukl  increas^^tand  also  tbe  nutnber  of 
limited  mdependeltt >  &nDations>  till  Mre  come 
to- tbe^more  recent^  whose  extent  we  can-  trace 
byttesins  or  hollows  of  comparative! j*  small 
siae.  •  One  large  lake  may  have  originally  co-^ 
tered  England  asd  part  of  Europe  when  the 
red  sandstone  and  alpine  lime-stone  were 
formed;  hmt  as  the  water  retired  the  sue-* 
orieding  formations  would  be  more  limited. 

Idany  of  secondary  strata  are  known  to 
be  local  or  independent  formations ; — of  this 
kud  ar e  the  fresh-water  tbrmations  over  the 
ehrib  >^but  by  extending  this  mode  of,  £E>r* 
matioir to  the  lower  rocks,  we  shaU  be  relieted 
fiioni'the  difficulty  of  aocoimting  tor  their  dis- 
apfyearaikbe  in  various  countries  where  they 
oagbt'to  be  found  if  they  were  formed  uni-- 
Tersally  XMrer  the  globe.  We  shall  further  be 
relieved  from  the  necessity  of  isupposing  uni- 
tnerssd  inundations  of  salt  and  fresh  water' al- 
ternately succeeding  each  oth^r.  Admitting 
the  ex^istence  of  numerous  detached  lakes  over 
ouf  present  continents,  and  the  occasional 
convulsions  which  have  fractured  the  surface 
of  the  globe,  it  will  not  be  difficult  to  conceive 
that  many  of  these  lakes  have  been  alternately 
opened  and  closed  by  the  overthrow  of  the 

surrounding 


^Nglit.aUo  to  rfcoUeotv^thatwiEien  the-tMCOiir 
dwry  strata  were  depoaited^j  addifiUod^iip^tite 
bottom  of  m»By  lOf*  ithe  yktka«^i  %h^  moXer  .wauU 
bf^vtbrown  agaisit^^yeir  |h«  sun&oe  (d^Ae^sur^ 
rounding.  cooDtryr  andu  frpni)  l^bia  ^;Cftlla!fct  yt^ 
]i:i{iy  e^p^in  amny  of  the  ajili^fiiati^tis j  o£  dky 
)afitfi  asd  sea^  without  recurriog  ta  tbe>'fi>igt4 
ai^ssumptiontof  tjie  ^vbolQ.9(Ms^imiq3ffrQnfr*fe^ 
bed .  to  fotm  strata*  of  /coqsipasiilivety  oeBMiU 
€^tjteot.  ..  ,      !i...         ..  ......I  .■-•■itj  .  ..  .M.  lijuiU^. 

,  TliQ .  pq^^tipn  .of  tbpvfitrata  in  the^  Islo^of 
Wightiy.  ivbioh  ^  will  be  si^baeqaently.QOticeds 
d^iuonfttrnte^i  UuU;  sonoQ  >  great  ooo v^ubioo.  hfisi 
Mpbeajifd,  iVQW  j  tl\evi  /cmndtttiwifir ,  and  .i^ver^ 
If iirx^4  J  it)^^ M^hol^  i^mas^,  of.  tlie,  ichalk  i  rooks* 
aod;  the  strata:  that  cover  them  not  leas  itban 
three  thousaad: £^t  in  thickness.  At^thctpe-i 
r^'^od,  whr/i  lbiiii;was  eifectedi  it  ia.not  impiio* 
bablfl.that:.£«Ciglapd  was  separated  from  ^tbe 
c?fli/tiqj^|v.    See;  chapter  on  the  Geology  of 

/fi>0i%jtU9  QOQtiaent  of  Acne.rii)a^  nature  acts 
■VfS9P  Ai¥^»giv£cent  scale.j.  fWere  her  opetfa- 
-  ^»BP  fttjtpodeiQUto,  they  might  .illustrate  mi^ny 
brt:ere3tingfacis  in  geology.  ...|rv     n^  ..; 

. ..  Tbn Jlakes;«f.  NjMjcb  Ainerica-  av^ M^a  \oi 

fresh 
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frfeh  water  more  than  fifbeen  hundred  nilei 
JnucirciHt  t  these  ave  placed  at >  a  consideraMe 
tiev^tidn> above  the  Atlantic,  aad  atdiiferenl; 
levda. '  The  J  aoite  by  small  straights  or  ri« 
vers,  which  have  a  rapid  descend  <  On  some 
^  them  are  prodigious  waterfalls^  which  i«re 
emstantly  enlarging  and  shortening  the  pas- 
t»gegfron»one.to  the  other,  and  wiil  ultimately 
etfeot  th^  drainage  of  the  upper  lakes.    -The 
^fiUls  of  Niagara  are  well  known.  ^jThe  water  is 
divided  by  a  small  island,  which  separates  Jthe 
fiver  into  two  cataracts,  one  of  which  i*  six 
Jwindredand  the  other  three  hundred  and£fly 
yni'dis  wdde^  andifcnn  one  hu4idred  and  forty 
-tt>ene  hundred  and  sixty  feet  in  depth.     It  is 
yeskimated  that  six- hundred  and  seventy  thou* 
Mnd  tons  ef  water  are  dashed  ei'ery  mij^ate 
-wttbanconceivable  force  again^  the  bottom, 
-avM|tar0  undermining  and  wearing  down  the 
adja»eent  rocks.  .  Since  the  banks  of  the  ca* 
^ta met :'\^rere  inhabited   by  Europeans  they 
have  observed  that  it  is  progressively  short- 
ening the  distance  from  lake  Erie  to  lake 
Ontario.     Wheti  it  has  worn  down  the  inter- 
vening 'calcareous  rocks  and  efiecl^d  a  junc- 
tion, the  upper  lake  will  become  dry  land, 
and  form  aaextensive  plain,  surrounded  by 

rising 
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rising  ground,  tuid  watered' by  a  river  or 
smaller  lake,  which  ^iU  >  occupy  the  lowest 
part  In  this  plain  future'  geoio^sto  nay 
trace  successive  strata  of  fi'esb^water  format 
tion,  coveriHg  the  subjacent  crystalline  likne- 
MxMie.  The  gradual  deposition  of  'minute 
ewtby  particles,  or  the  more  rapid  subsi« 
dence  of  mud  from  sudden  inundations^  will 
form  different  distinct  beds,  in  which  will  be 
found  remains  of  fresh-water  fish,  of  vege- 
tables, and  of  quadrupeds.  Large  animals 
are  frequently  borne  along  by  the  rapidity  yf 
the  current,  and  precipitated  down  the  cata^ 
racts ;  their  broken  bones  mixt  with  caleal^ 
reous  sediment,'  may  form  rocks  of  calcareous 
tufa  where  the  waters  first  subside  after  thetr 
descent.  Bones  of  quadrupeds  are  found 
thus  intermixt  in  the  calcareous  rock  at  Gib- 
raltar. Perhaps  there  was  a  period  when  the 
branches  of  Mount  Atlas  were  united  with 
the  mountains  of  Spain,  and  the  Mediterra- 
nean mixed  its  waters  with  tlie  Atlantic 
through  a  narrow  passage  like  that  of  Nia- 
gara. The  two  seas  would  then  have  a  dif- 
ferent level,  and  a  stupendous  cataract  might 
exist  near  the  rocks  of  Calpe,  and  bury  under 
its  waves  many  of  the  animals  that  attempted 

to 
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to  cross  the  current.  From  the  intermi&tim 
oi  these  bones  with  calcareous  sediment,  the 
prosent  rockS)  with  their  osseous  remainsi 
may  have  originated. 

1  These  calcareous  strata  have  probably  been 
paiaed  by  a  sudden  subterranean  explosion, 
which  opened  a  passage  for  the  waters  of  th^ 
Atlantic,  and  reduced  both  seas  to  their  pre^ 
sent  level.  Such  an  explosion^  nearly  in  that 
situation,  bat  less  violent,  took  place  in  17^9 
wiiicb  shook  in  the  same  hour  all  northocEi 
Africa  with  the  southern^  kingdoms  of  Eur 
np^pe,  and  was  felt  on  the  distant  shores  of  thie 
American  islands. 

It  has  been  observed  that  chalk  is  priacv- 
pally  con^ned  to  the  coasts  of  England  and 
France,  and  ta  the  islands  and  countries  borr 
dering  on  the  German  Ocean  and  the  Baltic. 
If  the  southern  parts  of  England  were  once 
united  to  France,  the  German  Ocean  would 
form  an  extended  basin p  into  which  all  the 
waters  in  the  Baltic,  with  the  Rhine  and  the 
principal  rivers  of  northern  Europe,  •  would 
flow.  The  central  parts  of  England,  and  the 
Carpathian  mountains,  and  the  mountains  ia 
the  central  parts  of  France,  might  form  the 
borders  of  this  lake.    If  it  were  nearly  closed 

to 
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at  its  northern  extremity,  it  might  be  salt  in 
a  much  less  degree  than  the  waters  of  the 
ocean,  and  require  different  inhabitants  from 
those  of  the  sea  or  of  rivers ;  and  it  is  not  a 
little  remarkable  that  the  animal  remains 
found  in  chalk  differ  from  those  of  any  other 
known  rock  or  stratum. 

Th^  chalk  said  to  be  found  in  Spain  and 
like  south  of  France^  with  fresh-water  shells 
&t>^t  it,  may  have  been  formed  in  similar 
Hikes.  From  every  circumstance,  we  appear 
Mrarranted  in  concluding  that  chalk  and  tlie 
strata  over  it  are  local  formations.  By  ex«> 
tending  the  same  mode  of  reasoning  to  tlfe 
strata  under  the  chalkf  we  shall  perceive  the 
cause  why  the  secondary  rocks  in  Europe 
difler  so  much  from  those  which  cover  the 
primary  mountains  of  America. 


•  ■* 
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ON  THE  DECOMPOSITION  OF  MOUNTAINS 
THE  FORMATION  OF  SOIt.9.  AND  ALtU- 
VIAL  PRODUCTS. 

Proofs  of  the  diminution  of  Motmtaini.^-^Eiemm- 
I  tary  agency. — Final  cansesj-^m^imtian  ofSklis. 

— Mid'tui^e  of  di^h'ent  Eai:t^f^cessary  t^Jm'm 
,  jgood  Soil. — Effj^qts  qf  Li9ffc.,j^j^l(uvial  d^mi- 
tions  from  Alpine  Countries  and  Secondary 
I{6t/cs. — Peat  Mooi^s^  and  Subterranean  Fa- 
rests. 

*  Jd  ti  E  diminution  offocks  Mid  mountains  is 
constantly  taking  pluce  by  tberiiticej^sant  ope« 
ration  :&f  the  elementsf,  until  theioftiest  eiAi« 
mhces  are  reduced  and  covered  tiith  soil  and 
vegetables,  which  protect  them  from  further 
decay.  Instances  have  occurred  of  whole 
mountains  suddenly  falling  down  and  bury- 
ing the  inhabitants  of  the  vales  below  under 
their  ruins.  In  the  Alps  the  process  of  dis- 
integration is  rapidly  going  on ;  but  such  is 
the  immensity  of  these  enormous  mountains, 
that  ages  pass  away  before  any  diminution  of 
their  bulk  is  perceived. 

According  to  the  account  of  Patrin,  who 

had 
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bad  travelled  in  Northern  Asia,  the  whole  of 
that  country  is  covered  to  the  depth  of  many 
hundred  feet  hy  innumerable  beds  of  mica- 
ceous and  argillaceous  sand,  washed  down  by 
inundations  from  the  high  range  of  moun- 
tains in  the  interior  of  Asia,  and  carried  as 
far  as  Siberia.  The  deserts  of  Arabia  are 
also  covered  with  alluvial  depositions.  C.  Lu- 
kie,  Esq.  informs  me,  that  between  Hit  and 
Tahiba  the  soil  is  composed  of  sand  and  gra- 
vel, on  which  may  be  seen  small  volute  and 
bivalve  shells ;  but  the  sand  is  not  loose  like 
that  in  the  deserts  of  Libya. 

That  the  mountains  of  our  island  have  once 
been  much  higher  than  at  present,  is  evident 
to  every  one  who  has  attentively  examined 
them.  The  rocky  fragments  in  Borrowdale, 
the  deep  ravines  made  by  torrents  in  the  sidejs 
of  Skiddaw,  and  the  scattered  rocks  at  the 
ibot  of  Snow  don,  offer  striking  proofs  of  this. 
The  central  parts  of  England  have  also  once 
had  a  greater  elevation.  The  white  quartz 
pebbles  spread  over  the  midland  counties  are 
the  remains  of  the  decomposed  hills  in  Charn- 
Ivood  forest,  or  of  others  connected  with  them, 
which  are  now  worn  down.  Beacon  Hill,  one 
of  the  highest  points  of  thb  range,  I  ascer- 
tained 
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lained  by  trigonometrical  admeasurement, 
does  not  rise  more  than  seven  hundred  and 
sixty  feet  above  the  surrounding  country; 
but  all  these  hills  are  evidently  the  remains 
of  a  more  lofty  and  extended  chain  of  moun- 
taiBfl.  Large  blocks  of  white  quartz  lie  upon 
their  summits,  which  once  formed  veins  in* 
tersecting  higher  rocks ;  this  quarts^  bemg 
harder,  has  remained  after  the  other  parts 
were  worn  down.  Veins  filled  with  similar 
quarts  may  be  traced  near  the  places  where 
these  blocks  lie« 

Besides  the  destructive  eflfects  of  mountain 
torrents  SO  sudden  and  impetuous  in  alpine 
eoontriesy  there  is  another  powerful  agent  in 
nature  that  can  rend  the  hardest  rocks,  and 
to  which  mountains  that  contain  much  me- 
tallic matter  are  particularly  exposed, — ^this 
is  lightning.  The  antients,  whose  descrip- 
tions of  external  nature  were  almost  always 
correct,  have  represented  the  destruction  of 
rocks  and  mountains  as  a  characteristic  phs- 
nomenon  attending  thunder-storms.  In  the 
sublime  description  of  a  storm  in  the  first 
Georgic,  Virgil  refers  to  the  rending  of  rocks 
as  one  of  the  common  efiects  of  lightning. 


i€ 
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^tv\MM  ' U—*^  iUe  BagranlS 

Aut  Atho^  8ut  Rliodopeo,  aut  al^  Cmunta  telo.- :  i . . 
Disjecit/' 

<\^V^'^  forked  bok  pursue^  its  rapid  course, . 
And  rocks  aud  mountains  rends  with  matchless  force. 


•  'Were  the  effects  of  this  powerful  aj 
more  attended  to,  perhaps  many  <anoraiilo«r 
appearances  in  the  mineral  kingdom  might 
admit  of  an  easy  explanation. 

It  is,  however,  to  the  more  constant  opera** 
ttbh  of  moisture  and  change  of  temperatnm 
Uiat  the  disintegration  of  rocks  and  mote* 
tains  may  be  principally  attributed ;  but-  ho 
well  authenticated  obserfations  have  yet 
been  made  to  determine  the  extent  of  these 
effects. 

It  has  been  vaguely  stated  that  the  height 
of  the  Pyrennees  is  diminishing  one  foot  in  a 
century :  hence  it  was  calculated  that  more 
than  a  million  years  would  be  required  to 
level  the  rocky  boundary  which^' separates 
Franco  and  Spain.  •    'Jf     ^. 

There  are  indeed  agents  in  nature, — ^^ecurth- 
qoakes,  volcanoes,  and  perhaps  central '  sub- 
terranean fire,-^— that  can  entomb  whole  ctfflti- 
ncnts  in  the  ocean,  and  raise  mountains  'frftm 

the 
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the  watery  abyss  in  a  single  night     Evident 
indications  exist  that  such  causes  have  ope- 
rated extensively  on  the  surface  of  our  planet; 
but  the  periods  of  time  in  which  they  are 
destined  to  succeed  each  other,  remain  be- 
yond the  power  of  human  sagacity  to  de- 
termine.    By  the  slow  but  constant  deatruo 
tion  of  rocks  and  motmtains  new  and  pro- 
ductive soils  are  formed  to  renovate  the  sur- 
face of  the  globe,  and  prepare  it  for  the  sup- 
port of  animal  life :  this  appears  to  be  the 
final  cause  for  which  the  world  was  created, 
and  to  which  all  terrestrial  changes  ultimately 
refer.     It  has  been  justly  observed  by  Dr. 
Paley  and  others,  that  in  the  peculiar  confor- 
mation of  the  teeth  in  graminivorous  animals, 
md  in  the  production  of  grasses  which  serve 
tbem  for  food,  we  may  trace  evident  marks 
>f-rd[ation,  and  of  a  designing  intelligent 
mdse :  with  equal  reason  must  we  admit  that 
:fae  destruction  of  mountains  and  the  forma- 
ion  of  soils  for  the  support  of  the  vegetable 
:ribe8  are  provided  for  by  the  same  cause,  and 
ire  rpart  of  a  regular  series  of  operations  in 
:he  GDConOmy  of  nature :  hence  also  we  may 
nfer  that  those  grand  revolutions  of  the  globe 
yy  which  new  mountains  or  continents  are 

R  2  elevated 
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•levated  frpm  the  deep,  are  part  gf  the  aame 
series  I9xteiiding  through  ages  of  endless  du- 
ratfixlV  and  connecting  in  one  chain  all  the 
suoitessive  phenomena  of  the  material  uni- 
vw$e. 

i'^y  a  wise  provision  of  the  author  of 
tnn  it  is  ordaiqed,  tbpt  those  rocks  which 
QOtnpase  rapidly  are  those  which  form '  ih 
itfost  fertile  soils,  for  the  quality  of  aeily  d< 
pends  ofi  the  nature  of  the  reeks  horn  wbicli.^^ 
th^y  wer^  forpfied.     Granitic  and  siiicmmi    ■ 
rooks  forot  barren  and  sandy  9<^ls;  asgiUa*— - 
erav9  ropks  form  »tiff  clay ;  and  calcaosouss-^ 
racks,  wfaeo  mixt  with  daya,  ioFio  ^  mwrle  ^ 
bM  when  uncovered  by  other  stmta  tbey^ 
siiffK>rt/  a  9hort :  bu^  mrtritious  vegetatiwfw 
Foi^  j:he  fbrmatioq  of  productive  9eil«»  ao  in* 
termixture  of  the  three  earihsi  ckiy«  sand^ 
and  lime^  is  absolutely  necessary.   Tbt  w^d 
Q^^itop  appears  also  to  be  a  reqoisita  yag? e- 
dibnfi^y-'^he  pr^poitioft  iiecesaary  fE»r  tjba  ibiw 
nlfttiatt'  of  good  s<at  depends  tQUcb  >Oft  %he 
naiur^of •  tb9  climaiei  bat  more'ott  iba  j^n* 
Ely  of  tb0  subr^oilt  amdiis  |ow>er  of  retwrng 
dr'ttbsorbing  7noistun».  TTbia  akme  otflljp make 
d' Mil'  banfeii,  which  upon  4ifieraat  wb^aoil 
would  (be  exectedibgly  productive^  When  ihiiK 
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is  the  case,  drainage  or  irngntion  offers  thtt 
only  m^ans  of  permanent  improvement. 

Difierent  vegetables  also  require  difi^fent 
admixtures  of  earth.  They  require  it,  first, 
because  it  is  necessary  to  their  grbwth  thtit 
die  soil  should  be  sufficiently  Stiff  and  deep 
t*.'keep  them  firm  in  their  phee;  and  tdso 
that  it  should  not  be  too  stiff  to  permit  the 
expansion  and  growth  of  their  roots :  and, 
kuftly^  that  it  should  supply  them  with  a  con<* 
statit  quantity  of  water,  neither  too  abundant 
dorideficient.  Hence  we  may  l^am  why  dif^ 
ferent  degrees  of  tenacity,  depth,  and  power 
ofi  retaining  or  absorbing  moisture,  are  re- 
quired in  toils  for  different  kinds  of  plants. 
Thus,  in  uncultivated  countries,  we  find  that 
certain  vegetables  affect  particular  situations 
in  which  they  flourish  spontaneously  and  ex* 
dusively ;  and  it  is  only  by  imitating  nature, 
and  profiting  by  the  instruction  she  afibrds, 
thftt  we  cata.hope  to  obtain  advantageous  r&* 
sults,tor  acquire  certain  fixt  principles  to  guide 
us  in  our  attempts  to  bring  barren  lands  into 
a  slate  of  profitable  cultivation.  When  rocks 
cttitain  in  their  composition  a  <lne  proportion 
of  ^iteity  clay,  and  Itme^  they  furnish  soils 
whose  fertility  may  be  said  to  be  permanent. 

The 
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The  most  fertile  districts  in  England  were 
made  so  by  nature ;  their  original  fertility  was 
independent  of  human  operation. 

Some  small  portion  of  the  earths  and  alka- 
lies is  found  by  chemical  analysis  in  pltots: 
but  it  would  be  contrary  to  fact  and  analogy 
to  suppose  that  the  earths  in  a  concrete  state 
fbrm  any  part  of  the  food  of  plants.  The 
earths  and  alkalies  which  they  cont&in  art  in 
^U  probability  formed  by  the  process  of  ve- 
getation from  mere  simple  elements,  for  it  is 
now  ascertained  that  the  earths  and  alkalies 
are  compound  substances. 

The  principal  elements  found  in  plants  are 
hydrogen,  carbon,  and  oxygen ;  and  by  re- 
cent experiments  of  Gray  Lussac  and  The- 
nard*  it  appears  that  the  hydrogen  and  oxy- 
gen in  starchy  gum,  vegetable  oils,  and  sugar, 
exist  in  precisely  the  same  proportion  that 
forms  water.  Carbon,  the  other  principal 
elementary  substance  found  in  plants,  exists 
both  in  watqr  and  the  atmosphere.  Water 
and  the  atmosphere  contain  in  themselves, 
Qr  in  solution,  all  the  elements  necessary  for 
the  support  and  growth  of  vegetables.  But 
ifiost  soils  are  either  too  wet  or  too   dry, 

*  Recherches  Physico^chiiniques. 

too 
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tpo  loose  or  too  adhesive,  to  admit  pl^ts  to 
extract  these  eleinent;^  in  the  proportions  ne- 
cessary for  their  growth.  Manures  suppj^v.^his 
deficiency  by  furnishing  in  great  abund^ce 
the  hydrogen,  carbon,  or  azote,  w^ich  they 
may.  require.     In  proportion  as  soils  posfie^s 
a  due  degree  of  tenacity,  and  power  of  retain- 
ing or  absorbing  heat  and  moisture,  the  ne- 
cessity for  a  supply  of  manure  js  diminished, 
and  in  9ome  instances  tlie  earths  ar^,  so  £^t-' 
tupately  combined  as  to  reqd^r.^U  supply  of 
artificial  manure  unnecessary.     He  who  pos- 
sesses on  his  estate  the  three  eartb^,  •  clay, 
^d,  9nd  lime,  of  a  good  quality,  with  ia- 
cilities  for  drainage  or  irrigation^  has  aU  |Jbe 
materials  for  permanent  improvement;   the 
grand  desiderata  in  agriculture  being  to  re.n* 
derwret  lands  dry,  to  supply  dry  lands  with 
sufficient  moisture,   to  make  adhesive  soils 
loose,  and  loose  spils  sufficiently  adhesive. 

.  The  intermixture  of  soils,  where  one  kind 
of  jearth  is  either  redundant  or  deficient^  is 
practisefl  in  some  countries  with  great  ad- 
vantage. Pfirt  of  Lancashire  is  situated  on 
the  red  sand  rock  described  in  the  sixth  chap- 
ter. This  rock,  being  principally  composed 
of  siliceous  earth  and  the  oxyd  of  iron^  forms 

of 
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of  it$^f  very  unproductive  land :   but  fortu- 
oately  in  many  situations  it  contains  detached 
beda^. of.  calcareous  marie  near  the  surfiice* 
By  an  intermixture  of  this  marie  with  the 
SQily.  it  ia  converted  into  fertile  landy  and  the 
necessity  for  manure  is  superseded.     The 
effect  of  a  good  marie  applied  liberaUy  to 
Uiis  land)  lasts  for  more  than  twenty  yeare. 
In-  some;  .lands,  a  mixture  of-  light  4narle 
which  contains  scarcely  a  trace  of  calcareous 
ef^xh  is  found,  of  great  servioe.    The  good 
efiect  of  this  appears  to  depend  on  itS:  giting 
to  the  sandy  soil  a  sufficient  degree  of  tena- 
city.   On  the  contraryi  in  stiff  day  soils, 
where  lime  is  at  a  great  distance,  the  land 
might  frequently  be  improved  by  an  inter- 
mixture with  siliceous  sand.   A  proper  know- 
ledge of  the  quality  of  the  subsoil  and  the 
position  of  the  sub-strata  is  necessary  to  as^ 
certain  the  capability  of  improvement  which 
land  may  possess*   It  may  frequently  happen 
that  a  valuable  stratum  of  marie  or  stone 
w}iich  lies  at  a  great  depth  in  one  situation, 
may  rise  near  the  surface  in  an  adjoining  part 
of  the.  estate,  and  might  be  procured  with 
little  expense. 

Lime  is  the  only  earth  which  has  been  ge- 
nerally 
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neraily  used  to  intdrmix  with  soils,  and  has 
been  considered  as  a  manuire;  but  its  operft* 
tion  as  such  is  very  imperfectly  understobd. 
Bfnrnt  lime,  when  caustic,  desttY>y9  xindeeom*^ 
posad  vegetable  matter,  and  reduces  it  to 
Dfiould, — «o  far  its  use  is  intelligible. '  It  tonfr- 
bines  also  with  vegetable  or  minerti  facids  in 
the  soil  which  might  be  injtirbM  to  vegeta^ 
taon,«-here  its  operation  is  hkiewise  intelli<« 
gible ;  but  if  we  assort  that  when  bunit  Kine 
has  absorbed  carbonic  acid  and  become  mild, 
it'^ves  out  its  carbon  again  to  the  footftof 
plants,  we  assume  a  fact  which  we  have  hei- 
tller  experiments  nor  analogies  to  support. 
The  utility  of  lime  in  decomposing  vi^getable 
matter  and  neutralisring  acids  is  obvious ;  but 
its  other  uses  are  not  so  evident,  except  we 
admit  that  it  acts  mechanically  on  the  soil, 
and  renders  the  clay  or  sand  with  which  it  is 
intermixt  better  suited  to  the  proper  expan- 
sion of  the  roots,  and  more  disposed  to  mo- 
dify the  power  of  retaining  or  absorbing  the 
requisite  degree  of  heat  and  moisture  which 
particular  vegetables  may  demand. 

Where  earths  are  properly  intermixt,  in- 
3tances  are  known  of  land  producing  a  suc<» 
cession  of  good  crops  for  many  years  without 

fallowing 
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fallowing  or  manure.  On  the  summit  of 
fireedon  Hill^  in  Leicestershire,  I  have  yeen 
a  luxuriant  crop  of  barley  growing  on  land 
that  had  borne  a  succession  of  twenty  pre- 
ceding crops  without  manuring.  This  is  more 
desendug  notice,  being  in  an  exposed  and 
elevated  situation,  and  upon  the  very  hill  of 
magnesian  lime  which  has  been  so  frequently 
referred  to  by  chemical  writers  a§  peculiarly 
unfavourable  to  vegetation.  The  hmerstone 
of  this  hill  <:ontains  above  20  per  cent,  of 
Hiagnesia  *. 

.  The  temperature  requisite  for  the  growth 
of  plants  is  influenced  by  the  power  of  diflfe* 
rent  soils  to  absorb  and  retain  heat  from  the 
solar  rays,  which  depends  much  on  their 
moisture  and  tenacity.  '^  It  is  a  well  known 
fact,  that  the  vegetation  of  perennial  grasses 
in  the  spring  is  at  least  a  fortnight  sooner  on 
lime-stone  and  sandy  soils,  if  not  extremely 
barren,  than  on  clayey  or  even  in  deep  rich 
soils:    it  is  equally  true,  but  perhaps  not  so 
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*  The  magnesian  lime  acU  more  powerfully  in  destroy- 
ing luidecomposed  vegetable  matter  than  common  lime^ 
and  its  effects  on  land  are  more  durable :  hence  it  is  ia 
reality  of  greater  value  in  agriculture,  as  a  much  smaHer 
quantity  vn\l  answer  the  same  purpose. 

wel  1 
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ivell  known,  that  the  difference  is  more  than 
reversed  in  the  autumn/' — (Observations  on 
Mildew,  by  J.  Egremont,  Esq.)  This  effect 
Mr.  E.  ascribes  with  much  probability  to  the 
rich  or  ckyey  soils  absorbing  heat  slowly, 
and  parting  with  it  again  more  reluctantly 
than  the  calcareous  soils,  owing  to  the  greater 
quantity  of  moisture  in  the  clay,. which  is  an 
imperfect  conductor  of  heat. 

Calcareous  soils  might  frequently  be  much 
improved  by  a  mixture  of  clay,  sand,  or  gra- 
vel, which  in  many  situations  is  practicable 
with  little  expense,  and  Mould  well  reward  the 
labour  of  the  experimental  agriculturist. 

Alluvial  ground  formed  from  the  materials 
of  decomposed  rocks,  will  differ  according  to 
the  nature  of  the  rocks  in  different  districts. 

In  mountainous  countries,  alluvial  grounds 
are  principally  composed  of  fragments  of 
rocks  worn  by  attrition,  and  of  pebbles  and 
sand.  Metallic  ores,  which  are  very  hard, 
or  indestructible,  are  also  found  in  the  allu- 
vial depositions  of  primary  and  transition 
rocks.  Tin-stone,  or  ore  of  tin,  is  found  in 
the  form  of  rounded  pebbles,  in  the  banks 
and  sands  of  the  rivulets  in  Cornwall,  and 
under  the  sand  on  the  sea  ^hore.     There  can 

scarcely 
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scarcely  be  a  doubt  that  tbU  ore  once  formed 
vekm  intersecting  mountains  that  are  decern'^ 
posed  and  worn  down.  Small  pieces  of  gold 
hare  occasionally  been  found  in  similar  situe* 
tiofis,  which»,  as  well  as  the  goki  in  the  sands 
of  rivers  in  different  parts  of  the  world,  had 
in  all  probability  a  similar  origin*  The  dia-^ 
mond,  9nd  other  precious  stones  which  oc- 
cur in  alluvial  depositions,  were  also  probably 
brought  there,  from  decomposed  rocks,  by 
inundations  and  mountain  torrents* 

Whether  the  immeasurable  tracts  of  loose 
sand  in  Africa  were  formed  from  the  de^ 
struction  of  siliceous  mountains,  or  by  other 
processes,  cannot  be  determined.  During 
volcanic  eruptions,  an  extent  of  some  hun- 
dred square  miles  has  frequently  been  covered 
with  volcanic  sand ;  but  this  is  of  a  dark  gmy 
colour,  contains  a  considerable  portion  of 
argillaceous  earth,  and  becomes  consolidated 
by  moisture. 

It  is  observed  that  the  boulders  and  peb* 
bles  from  mountainous  districts  decrease  in 
size  as  they  advance  further  into  the  plains; 
which  is  a  proof»  if  any  were  wanting,  that 
they  have  been  driven  by  water  to  their  pre«- 
sent  situations ;  the  smallest  yielding  to  the 

least 
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least  impulsive  fbrce  would  be  removed  4;o  the 
greatest  distance  from  the  mountains.  Gra- 
vel is  evidently  an  alluvial  production)  and 
we  may  observe  the  process  of  its  formation 
on  the  sea  shore,  near  precipitous  cliffs, 
where  the  angular  fragments  that  ftU  d6wn 
are  incessantly  rolled  to  and  fro  by  the  ac- 
tion of  the  tides  and  formed  into  round 
pebbles*  The  chalk  cliffs  on  the  southern 
coast  of  England  ofier  an  illustratidn  of  this; 
they  are  frequently  falling  down,  and  the  im- 
bedded flints,  that  are  broken  and  urg6d  aJ- 
feemately  backward  and  forward  by  the  tides, 
may  be  distinctly  heard  rattling  and  grind- 
ing on  each  other  after  each  retiring  wave. 
Flat  fragments  of  tiles  left  in  the  sam0  (litiia- 
tion  are  soon  rounded  by  constant  attrition. 
The  small  sand  on  the  sea  shore  and '  in  gra- 
vel is  formed  by  a  further  process  of  commi-^ 
notion.  On  the  eastern  shore,  'particularly 
near  Scarborough,  beautiful  pebbles  of  a^te, 
chalcedony  and  camelian,  are  thrown  upon 
tiie  sands,  after  a  high  tide :  no  similar  stones 
exist  in  the  rocks  on  that  part  of  the  coast. 
There  are,  however,  chalcedony  and  agates 
in>  the  rocks  of  porphyry  and  amygdaloid 
forming  the  Cheviot  Hills  in  Norlhumber- 

land; 
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lahd,  which  are  washed  down  by  mountain 
torrents,  and  carried  into  the  streams  that 
flow  from  thence  into  the  sea.  Some  of  these 
pebbles  may  be  brought  from  those  hills,  and 
others  from  the  more  remote  mountains  of 
Scotland. 

Extensive  tracts  of  cultivated  ground  are 
sometimes  converted  into  sandy  deserts;  the 
process  is  taking  place  at  present,  and  has 
been  well  described  by  Cuvier.  During  very 
high  winds  the  sand  on  the  sea  shore  is  driven 
inland,  covering  the  ground  to  a  certain  di- 
stance, and  leaving  an  elevated  ridge  at  the 
ftirtb^r  boundary;  succeeding  winds  blow 
this  sand  forward,  and  at  the  same  time 
bring  fresh  sand  from  the  shore  to  supply  its 
place. 

In  the  sixth  volume  of  the  Transactions  of 
the  Irish  Academy,  an  account  is  given  of  the 
encroachment  of  the  sand  over  some  parts  of 
Ii'eland.  Trees,  houses,  and  even  villages 
have  been  covered  or  surrounded  during  the 
last  century.  The  roofs  still  rising  above  the 
waste  attest  the  period  and  the  progress  of 
desolation. 

The  loose  sands  of  Libya  are  thus  spread- 
ing over  the  plains  that  border  the  Nile,  and 

burying 
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burying  tlie  mooumentaof  art  and  tbe  re- 
membrance of  former  caltivation.  From  a 
similar  cause  the  country  immediately  round 
P^myra,  that  once  supplied  a  crowded  popu* 
lation  with  .food,  now  scarcely  aiffbrds'  a  few 
withered  plants  to  the  camel  of  the  wander- 
ing Arab.  By  planting  and  iriigation  man 
can  fix  limits  to  the  moving  wastes  of  sand  ; 
but  despotic  power,  more  destructive  than 
the  winds  of  the  desert,  unnerves  the  arm  of 
industry,  and,  dashing  the  cup  of  enjoyment 
to  the  ground,  consigns  flourishing  and  fertile 

districts  to  eternal  sterility  and  solitude. 

•I* 

Sandy  tmcts  are  also  frequently  formed  by 
the  disintegration  of  a  thick  sand-stone  stra- 
tum rising  to  the  surface^  and  extending  over 
a  considerable  extent  of  country. 

We  tire  /not  to  conclude  that  all  beds  of 
Band  and  clay  are  formed  by  the  destruction 
ofiother  rocks.  They  are  sometimes  as  mUch 
an-  original  part  of  the  globe,  as  any  of  tbe 
secondary  strata.  The  particles  of  sand  in 
some  situations  have  the>' regular  crystalline 
Forms  of  rock  crystals  with  the  angles  sharply 
defined;  which  could  not  have  been  the  case 
bad  such  sand  been  formed  from  the  debris 
of  .sand-stone  worn  down  by  the  action  of 

water. 
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vater.   A  bed  of  sand  of  this  kind  at  NeuUly 
in  France  is  described  by  De  Lille  as  being 
composed  of  transparent  rock  crystals,  which, 
vfaen  examined  with  a  lens  were  perfect  hexa^ 
hedml  prisms. 

In  some  sand^stones  the  partacles  of  quarts— = 
are  too  crystalline  and  angular  to  admit  thi 
belief  that  they  were  formed  from  the  debrii 
of  former  rocks,  unless  we  were  to  su] 
with  some  geologists  that  such  strata 
been  in  a  melted  or  confluent  state,  which^cra 
allowed  the  particles  to  acquire  a  crystallii 
arrangement.     In  other  sand-tstones  the 
ments  and  particles  are  worn  by  attrition^ 
«nd  have  been  cemented  by  clay  and  ozy( 
of  iron.     When  the  fragments  are  large  ant 
smooth,  the  mass  is  called  puddiog*stone. 

Breccia,  or  pudding-stone,  consists  of  frag- 
ments or  of  pebbles  agglutinated  in  a  hard 
meat  formed  by  the  consolidation  of  the  loose: 
materials  in  which  they  are  imbedded ;  but 
some  breccias  appear  to  have  a  different  for- 
mation, and  cannot  be  classed  with  alluvial 
products. 

Earthy  particles,  deposited  and  aggluti- 
nated, form  beds  of  tufa:  Calcareous  tufas 
occur  in   the  neighbourhood  of  lime-stone 

mountains, 
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mouDtaipS)  in  vfhich  the  fragmeDts  of  limeh 
•tone  are  frequently  imbedded. 

^  Peat  is  one  of  the  most  important  produe* 
tions  of  alluvial  ground ;  it  may  be  regarded 
as  belonging  more  properly  to  the  vegetable 
than  the  mineral  kingdom.  Peat  formerly 
covered  extensive  tracts  in  England,  but  is 
disappearing  before  the  genius  of  agricul- 
tural improvement,  which  has  no  where  pro- 
duced more  important  effects  than  in  the 
conversion  of  the  blsck  and  barren  peat  moom 
of  the  northern  counties  into  valuable  land 
covered  with  luxuriant  herbage,  and  depas- 
tured by  numerous  flocks.  The  following  de- 
Kription  of  the  peat  moors  in  Scotland,  by 
Afr.  Jameson,  is  an  accurate  picture  of  the 
remaining  peat  moors  in  the  mountainous 
parts  of  Yorkshire  and  the  adjoining  coun- 
ties. 

'*  In  describing  the  general  appearance  of  a  peat 
Boor,  we  may  conceive  an  almost  entire  flat  of 
several  miles  extent,  of  a  brown  colour,  here  and 
there  marked  with  tufts  of  heather,  which  have 
4aken  root,  owing  to  the  more  complete  decompo- 
sition of  the  surface  peat;  no  tree  or  shrub  is  to  be 
sera ;  not  a  spot  of  grass  to  relieve  the  eye  in 
Irandering  over  this  dreary  scene.     A  nearer  exa- 

s  mination 
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mination  discovers  a  wet  spongy  surface,  passable 
only  in  tlie  driest  seasons,  or  when  all  natiu^  is 
locked  in  frost.  The  surface  is  frequently  covered 
with  a  slimy  black-coloured  substance,  which  is  the 
peat  earth  so  uiixt  witli  water  as  to  render  the 
moss  only  passable  by  leaping  from  one  tuft  of 
heather  lo  another.    Sometimes,  however,  the  sur- 

m 

face  of  peat  mosses  has  a  different  aspect,  owing 
to  the  m-eater  abundance  of  heath  and  other  ve^e- 
tables,  as  the  schoeni,  scirpi,  eriophora,  &c :  but 
this  is  principally  the  case  with  some  kinds  of  wliat 
fire  called  muirlands,  which  contain  but  litde  peat 
being  nearly  composed  of  the  interwoven  roots  of 
living  vegetables.  Quick  moss  (as  it  is  called)  is  a 
substance  of  a  more  or  less  brown  colour,  forms  a 
kneadable  compound,  and  when  good,  cuts  freely 
and  clean  with  the  spade ;  but  when  it  resists  the 
spade  by  a  degree  of  elasticity,  it  is  found  to  be 
less  compact  when  dried,  and  is  of  an  inferior 
quality.  The  best  kinds  burn  with  a  clear  bright 
flame,  leaving  linht-coloured  ashes ;  but  the  more 
indifferent  kinds  in  burning  often  emit  a  disagree- 
able smell,  and  leave  a  heavy  red-coloured  kind  o 
ashes.  In  digging  the  peat,  we  observe  that  when 
first  taken  from  the  pit  it  almost  immediately 
changes  its  colour,  which  becomes  more  or  less 
a  deep  brown  or  black,  and  the  peat  matter  be- 
coujcs  much  altcrec!,  being  incapable  of  forming  a 
kneaclablo  paste  with  wa\(  r.  When  dry  and  reduced 

to 
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to  powder,  as  it  is  often  by  the  action  of  the  wea- 
ther, it  forms  a  blackish-coloured  powdery  matter, 
capable  of  supporting  vegetation  when  calcareous 
earth  is  added. 

"  Peat  is  found  in  various  situations,  often  in 
valleys  or  plains,  where  it  forms  very  extensive 
deep  beds,  from  three  to  forty  feet  deep,-  as  those 
in  Aberdeenshire  :  it  also  occurs  upon  the*  sides.of 
mountains;  but  even  there  it  is  generally  in  a  hori- 
zontal situation.  The  tops  of  mountains,  upwards 
of  £2,000  feet  high,  in  the  Highlands  of  Scotland, 
are  covered  with  peat  of  an  excellent  kind. 

"  In  Germany  it  is  also  found  at  very  great 
heights;  thus,  the  Blogsberg,  a  high  mountain  in 
Lower  Saxony,  and  the  Brohen,  the  highest  moun- 
tain of  the  Hartz,  are  also  covered  with  peat.  It 
is  also  found  in  situations  nearly  upon  a  level  with 
the  sea :  tlius,  the  great  moss  of  Cree  in  Galloway 
lies  close  upon  the  sea,  on  a  bed  of  clay,  little 
higher  tlian  the  flood  marks  at  spring  tides*." 

A  peat  moor  below  the  level  of  the  sea  ex- 
tends along  the  eastern  coast  of  Lincolnshire 
and  Yorkshire.  Under  the  surface  there  is  a 
forest  of  trees  considerably  below  the  present 
high  water  mark.  From  the  stumps  and  roots 
of  trees  that  may  be  discovered  at  low  water, 


*  Mineralogy  of  the  Shetland  Islands. 

s  2  it 


it  is  supposed  that  the  ground  has  sunk  down 
oB  ihis  coast.  This  forest  appears  to  extend 
und^r  the  sea.  A  similar  subterranean  forest 
appears  to  extend  under  the  sea  on  the  Lan« 
c^shire  boast  between  Liverpool  and  Preston, 
and  a  peat  moor  exists  at  a  very  low  level  on 
that  side  of  the  county. 

It  is  deserving  notice  that  the  remains  of 
large  quadrupeds,  found  in  alluvial  ground, 
are  seldom  of  animals  that  exist  in  the  coun- 
tries where  they  occur,  and  many  of  them  are 
of  extinct  s^)ecies*  The  remains  have  fre- 
quently undergone  but  little  change,  and  pre-» 
serve  the  constituent  parts  of  common  bone. 

Except  organic  remains  and  the  particles 
of  metallic  matter  found  in  certain  sands  near 
alpine  districts,  alluvial  ground  may  be  con- 
sidered as  more  interesting  to  the  agricultu- 
rist than  the  geologist.  But  even  here  some 
knowledge  of  geology  is  of  considerable  prac- 
ticgJ  importance  in  the  improvement  of  land. 
An  acquaintance  with  the  nature,  position, 
and  inclination  of  the  sub-soil  and  sub-strata 
is  absolutely  necessary  in  order  to  carry  on 
any  extensive  system  of  drainage  in  the  most 
efficacious  and  least  expensive  manner.  Mr. 
Ellkington,  who  first  directed  the  attention  of 

landed 
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landed  proprietors  to  this  subject,  and  ex- 
plained the  principles  on  which  he  proceeded, 
rendered  a  most  essential  service  to  agricul- 
ture :  his  merits  were  scantily  rewarded,  but 
he  may  be  justly  ranked  among  the  first  be» 
aefactors  of  his  countr}*. 
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CHAPTER  XII. 

MINERAL  DYKES  AND  METALLIC  VEINS. 

Mineral  Dykes  inta^secting  unstratified  and  stra- 
tified Rocks : — their  Structure  and  Contents. — 
Remarkable  Dykes. — Great  Cleveland  Basalt 
Dyke. — Volcanic  Dyke  near  Naples. — Struc- 
ture of  Metallic  Veins. —  Rake  Veins. — Flat 
Veins. — Pipe  Veins.  —  Accumulated  Veifis. — 
Opinions  respecting  the  Formation  of  Veins. — 
Analogous  Facts  illustrative  of  the  Maimer  in 
which  Metallic  Ores  are  formed  and  deposited 
on  the  Sides  of  Veins. — Remarkable  Phenomena 
in  Mines. 

JL  H  A  T  the  superficial  part  or  crust  of  the 
globe  has  been  fractured  and  dislocated  since 
its  consolidation,  is  proved  by  the  dislocation 
that  rocks  and  strata  in  many  situations  pre- 
sent to  our  notice.  It  is  further  proved  by 
the  existence  of  vertical  walls  of  mineral 
matter  cutting  through  the  surface,  and  de- 
scending to  unknown  depths,  frequently 
growing  wider  as  they  descend.  These  walls 
of  mineral  matter,  when  filled  with  stone  or 
clay,  are  called  dykes  or  faults.  When  they 
contain  metallic  ores  they  are  generally  called 

veins. 

Dykes 
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Dykes  are  frequently  filled  with  basalt, 
green-stone,  or  porphyry.  Those  which  in* 
tersect  coal  fields  have  been  already  noticed, 
page  181,  and  their  effects  on  the  contiguous 
strata  described.  The  more  usual  substances 
found  in  these  dykes  are  whin-stone  (basalt) 
or  clay. 

The  thickness  of  dykes  varies  from  a  few 
inches  to  twenty  or  thirty  feet  or  yards ;  in 
some  instances  they  exceed  three  hundred 
feet.  The  extent  to  which  they  stretch  across 
a  country  has  seldom  been  explored  beyond  the 
mining  districts,  where  a  knowledge  of  them 
is  important  on  account  of  the  disturbances  in' 
the  strata  which  they  occasion. 

The  dislocations  of  the  coal  strata  by  faults 
are  represented  plate  11.  fig,  2  and  3.  C.  C. 
and  D.  D.  Dykes  or  faults  generally  decline 
a  little  from  a  vertical  position,  and,  as  be- 
fore stated,  the  depth  to  which  they  descend 
is  unknown. 

The  strata  are  almost  always  thrown  down 
on  one  side  of  a  dyke,  and  elevated  on  the 
other ;  but  the  dislocation  is  not  proportion- 
ed to  the  width.  There  is  a  fault  extending 
from  Whitley  in  Northumberland  to  Green- 
side 
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side  and  Sandgate  in  Durham,  which  has 
dirown  down  the  strata  on  the  north  side 
one  hundred  and  eighty  yards;  this  is  a  com- 
paratively narrow  fissure  filled  with  clay.  The 
l^eat  dyke  in  the  same  county,  before  men- 
tioned in  the  fifth  chapter,  which  is  seventeen 
yards  wide,  has  only  produced  a  dislocation 
of  twelve  yards. 

The  whole  series  of  strata  which  have  been 
iraised  on  one  side  of  a  fault  have  sometimes 
entirely  disappeared. 

The  stone  with  which  dykes  are  filled  is  fre- 
quently harder  than  the  rocks  which  they  in«* 
Censett,  and  remains  after  the  latter  are  de- 
composed on  the  surface,  forming  immenisd 
walls  of  stone :  such  are  met  with  in  the 
cdunties  of  Northumberland  and  Durham, 
i^nd  on  the  western  coast  of  Scotland ;  where 
the  violence  of  the  Atlantic  Ocean  has  torn 
^rtray  the  surrounding  rock.  They  may  be 
seen  extending  into  the  sea. 
'  When  dykes  are  of  consideWiblfe  thickness, 
it  is  observed  that  the  minei*al  substances; 
which  they  contain  vary  in  hardness;  some- 
titnes  the  central  parts  and  sometimes  the 
sMtes  are  harden  or  soft^  thaJh  thfc  othter, 

being 
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being  divided  by  seamd  or  partings.  This 
may  be  distinctly  seen  at  Coaly  Hill  near 
Newcastle  upon  Tyne^  Mrhere  a  large  basalt 
or  whin  dyke  cuts  through  the  coal  strata^ 
and  rises  to  the  surface.  The  stone  being 
hard  is  quarried  for  the  roads  along  a  line 
of  several  hundred  yards^  forming  a  deep 
trench  sufficiently  wide  to  admit  a  cart  road 
through  the  quarry  between  the  walls  or  sides 
of  the  dyke. 

The  basalt  of  the  dyke  is  intersected  bf 
fissures,  and  divided  into  variously  shaped 
masses.  In  one  part  of  the  dyke  it  appears 
to  graduate  into  an  indurated  ferruginous 
clay,  which  is  in  some  places  divided  iato 
minute  well-defined  pentagonal  prisms.  This 
dyke  has  produced  the  same  effect  of  char^ 
ring  the  coal  described  in  the  fifth  chapter, 
page  148.  To  use  the  language  of  the  work- 
man who  was  quarrying  the  stone  vfheA  I 
visited  the  place,  ^^  it  had  burned  the  coal 
wherever  it  had  touched  it''  This  dyke  ex- 
tends from  the  sea  to  the  western  side  of  the 
county  of  Northumberland ;  its  terminati^on 
in  that  direction  is  unknown. 

Columnar  basaltic  ro^l^s  are  sometimes  in- 
tersected 
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tersected  by  dykes  of  basalt ;  and  it  is  re- 
marked that  the  basalt  in  these  dykes  has 
also  a  columnar  structure,  being  composed  of 
prisms,  which  are  laid  horizontally,  or  in  a 
contrary  direction  to  the  position  of  the  co- 
lumns in  the  range.  Those  who  suppose  that 
basaltic  rocks  had  an  igneous  origm  consider 
this  circumstance  as  favourable  to  the  hypo- 
thesis. The  melted  basalt  ejected  into  the 
dyke  would  first  begin  to  cool  and  crystallize 
where  it  was  in  contact  with  the  rock  on  each 
side  of  it :  hence  tiie  diminution  of  tempera- 
ture, acting  laterally,  has  given  to  these  prisms 
an  horizontal  position.  On  the  contrary,  the 
columns  in  the  range  were  formed  bv  a  dimi- 
nation  of  temperature,  commencing  in  a  ver- 
tical direction,  which  must  have  been  the  case 
whether  they  were  formed  on  land  or  under 
the  ocean. 

If  dykes  have  been  formed  by  the  expan- 
sive force  of  subterranean  heat  breaking  the 
surface,  and  forcing  melted  matter  into  the 
fissure,  we  may  expect  to  find  rocks  and  strata 
much  torn  and  dislocated  in  their  vicinity ; 
and  such  is  generally  the  case.  Also  where 
a  mountain  or  rock  rises  abruptly,  and  the 

beds 
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beds  or  strata  are  thrown  into  opposite  direc- 
tions, we  may  presume  the  existence  of  a 
dyke  or  fault,  which  has  produced  the  irregup- 
larity  we  observe.  More  frequently,  how- 
ever, a  series  of  fis.sures  or  faults  of  greater 
or  less  magnitude  mav  be  found  near  the  de- 
x:livities  of  very  abrupt  mountains :  thus,  on 
the  western  side  of  the  mountainous  range 
which  separates  Yorkshire  from  Lancashire 
and  Cheshire,  the  ground  near  the  dechvities 
of  these  mountains  is  so  much  broken  bv  a 
succession  of  faults,  that  it  renders  mining 
operations  exceedingly  uncertain  aitd  diffi- 
cult. In  some  instances  the  precipitous  sides 
of  mountains  or  rocks  have  been  formed  by 
the  action  of  currents,  when  the  relative  level 
of  the  sea  has  been  much  higher  than  at 
present. 

The  longest  mineral  dyke  that  has  been 
traced  in  England  may  be  called  the  Cleve- 
land Basalt  Dyke:  it  extends  from  the  western 
side  of  Durham  to  Bewick  in  Yorkshire ;  it 
crosses  the  river  Tees  at  this  place,  and  pro- 
ceeds in  a  waving  line  through  the  Cleveland 
Hills  in  the  East  Riding  of  Yorkshire  to  the 
sea  betweeit  Scarborough  and  Whitby.  It 
ri&es  to  the  surface,  and  is  quarried  in  many 

parts 


968  CLBVBLAVD  BASALT, 

parts  of  its  course  for  stone  to  lay  upon  the 
roads.  From  Berwick  on  the  Tees  it  may  be 
traced  in  an  easterly  direction,  near  the  vil* 
lages  of  Stanton,  Newby,  Nunthorp  and  Ay- 
ton.  At  Langbath  ridge  a  quarry  is  worked  in 
it;  it  passes  south  of  the  remarkable  hill  called 
Roseberry  Toppin,  near  Stokesly,  and  from 
thence  by  Lansdale  to  Kildale ;  it  may  be 
seen  on  the  surface  nearly  all  the  way  in  the 
above  track.  From  Kildale  it  passes  to  Den* 
bigh  Dale  end,  and  through  the  village  of 
Egton  bridge,  and  hence  over  Leace  ridge 
through  Gothland,  crossing  the  turnpike  road 
from  Whitby  to  Pickering  near  the  seven 
mile  stone,  at  a  place  called  Sillow  Cross  on  a 
high  moor.  I  examined  it  at  this  place,  where 
it  is  quarried  for  the  roads,  and  is  about  ten 
yards  wide.  From  hence  it  may  be  traced  to 
Blea  Hill  near  Harwood  Dale,  in  a  line  towards 
the  sea,  near  which  it  is  covered  with  alluvial 
soil ;  but  there  can  be  no  doubt  that  it  ex- 
tends into  the  German  ocean.  It  is  a  dark 
grayish  brown  basalt  w  hich  turns  brown  on 
exposure  to  the  atmosphere;  it  is  the  prin- 
cipal material  for  mending  the  roads  in  the 
district  called  Cleveland.  I  am  indebted  to 
Mr.  Bird  of  Whitby  for  an  account  of  the 

situations 
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situations  where  it  may  be  seen  on  the  sur- 
face. He  has  traced  it  through  Yorkshire  and 
Durham ;  in  the  latter  county  it  cuts  through 

the  coal  strata.  The  dyke  described  as  ex- 
tending to  Cockfield  and  charring  the  coal 
on  each  side  of  it,  is  in  fact  a  continuation  of 
this  great  dyke.  According  to  Mr.  Bird,  it 
crosses  the  river  Tees  again,  near  Tees  Force, 
and,  expanding,  forms  the  great  mass  of  ba- 
salt on  the  western  ejrtremity  of  Durham, 
taking  the  columnar  form  in  various  parts, 
particularly  at  High  Cup,  a  deep  circular  ex- 
cavation  on  the  side  of  Cross  Fiell.  The  spe- 
cimens of  the  stone  shown  me  by  Mr.  Bird 
from  this  district,  are  more  crystalline  and 
less  homogeneous  than  that  in  Cleveland, 
being  that  variety  called  green-stone,  consist- 
ing of  hornblende  and  felspar.  The  qoursQ 
of  this  dyke  is  marked  in  the  Geological  Map 
of  England,  plate  IV.  By  consulting  the  large 
maps  of  England  the  course  may  be  distinctly 
traced  :  drawing  a  line  in  the  direction  from 
Cockfield  in  the  county  of  Durham  to  Be- 
wick on  the  Tees,  and  extending  it  east  and 
West,  it  will  pass  near  all  the  places  above 
mentioned. 

There  is  another  remarkable  dyke,  which 

crosses 
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crosses  the  western  extremity  of  Durham, 
from  Allen  Heads  to  Burtreeford  on  the  Tees, 
hence,  called  the  Burtreeford  dvke.  It  throws 
down 'the  strata  on  tiie  west  side  of  it  one 
hundred  and  sixty  yards.  As  this  dyke  runs 
nearly  north  and  south,  it  must  cross  the 
great  dyke  north  of  Burtreeford.  The  phae- 
nomena  attending  this  junction  will  form  an 
interesting  subject  for  future  investigation*. 

The 


♦  Mr.  Farey,  in  his  Survey  of  Derbyshire,  has  described 
a  great  fault  eommeiicing  near  Nottingham,  and  extend- 
ing in  a  westerly  direction  by  Ashbum,  and  from  thence 
into  Cheshire,  where  it  turns  northward,  and  extends  to 
Lancashire  or  Yorkshire.  Thin  he  has  called  the  great 
Derbphire  Fault,  and  has  traced  its  course  on  a  map  of 
that  part  of  England. — Farcy's  Survey  of  Derbyshire^ 
vol.  i.  97- 

I  confess  I  could  discover  no  indications  of  the  existence 
of  this  fault,  havi:  ^  ;: Li  .  ;^  examined  part  of  the 
country  through  which  it  is  sai^  to  range;  nor  has  Mr. 
Farcy  stated  any  particulars  respejting  its  thickness,  or 
the  mineral  subsia;:ces  with  which  it  is  filled.  So  far  from 
any  dislocation  of  tlie  strata  being  perceptible,  the  beds 
of  the  ^and-rock  at  Nottingham  are  nearly  horizontally 
divided  by  scams  which  cont'un  roun<lcd  pcbl  L^s :  the 
strata  at  Ruddington  hills  on  the  opposite  side  of  the  vale 
arc  but  liulc  inclined  ;  the  strata  in  the  vale  are  nearly 
hori;^ontai,  whtrcver  wclU  ox  excavations  have  been  made. 
Nn  disinrbincj  force  nppears  to  have  changed  their   po- 

sitioii 
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The  Cleveland  dyke  has  been  traced  in  a 
direct  line  more  than  seventy  miles.  A  cir- 
cumstance attending  this  and  other  extensive 
dvkes,  which  has  not,  I  believe,  been  hitherto 
regarded  by  geologists,  completely  invali- 
dates the  theory,  that  dykes  were  originally 
open  fissures  formed  by  the  drying  or  shrink- 
ing in  of  the  rocks.  This  dyke  in  its  course 
intersects  very  different  formations,  viz.  the 
metalliferous  lime-stone,  the  coal  district,  and 
the  hills  of  aluminous  schistus.  The  differ- 
ent organic  remains  in  these  formations,  as 
well  as  their  position,  prove  that  they  were 
consolidated  at  distant  periods  of  time^     In- 


sition  since  their  formation.  Had  a  fault  existed  which  rent 
the  island  from  Nottingham  to  Macclesfield  in  Cheshire, 
it  would  have  left  no  dubious  marks  of  its  existence  in 
every  part  of  its  course. 

Though  I  differ  from  Mr.  Farey  in  some  of  his  opinions 
respecting  the  geology  of  Derbyshire,  I  feel  great  pleasure 
in  bearing  my  testimony  to  the  general  accuracy  of  his 
statements.  His  Survey  of  Derbyshire  contains  much 
valuable  information,  and  ought  to  be  in, the  library  of 
every  landed  proprietor  in  that  part  of  England.  Had 
the  description  of  facts  been  kept  more  distinct  from  the 
cqnjectures,  and  the  lists  of  mines,  &c.  been  detached 
from  the  narrative,  it  would  have  been  more  generally  in- 
teresting, and  its  merits  better  appretiated. 

deed 
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deed  the  geologists  M'ho  maintain  that  dykes 
were  formed  as  before  described}  are  ready 
to  admit  the  distant  seras  of  these  foimations. 
The  metalliferous  liriie-stone  and  the  lower 
strata  must  have  been  completely  consoli* 
dated  long  before  the  upper  strata  were  de- 
posited,   and  the  causes  which  might  dispose 
the' upper  strata  to  shrink  in,  cannot  be  sup- 
posed to  act  on  the  lower  rocks.    It  is  also  to 
be  remarked  that  in  the  lower  rocks,  situated 
to  the  west,  the  breadth  of  this  dyke  is  mora 
than  twenty  yards;  but  at  Sillow  Cross,  where 
I  measured  it,  it  is  not  more  than  ten  yards. 
This  dyke  must  therefore  become  wider  as  it 
descends.     It  must  also  have  been  filled  at 
the  time  of  its  formation,  otherwise  it  would 
have  contained  numerous  fragments  of  the 
rocks  which  it  intersects.  As  it  passes  through 
the  lime-stone  on  the  west,  I  am  informed 
that  the  latter  is  more  crystalline  in  the  vi- 
cinity of  the   dyke.    Its  effects   in  charring 
the  coal,  and  the  formation  of  sulphur  on 
the  contiguous  strata  before  described,  point 
to  subterranean  fire  as  the  original  cause  of 
its  formation,  and  as  the  source  whence  the 
basalt  which  fills  it  was  supplied.     When  we 
also  consider  the  close  resemblance  between 

basalt 
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basalt  aad  compact  lava,  both  in  appearance 
and  constituent  elements,  I  think  we  can 
scarcely  hesitate  in  admitting  that  this  great 
dyke  was  formed  by  an  expansive  force  ope- 
rating from  below,  which  opened  a  chasm  in 
the  surface  of  the  earth,  and  ejected  the  con* 
tents  in  a  state  of  fusion.  Nor  will  it  lessen 
the  probability  of  this  mode  of  formation, 
that  we  have  actual  instances  of  similar  pht^- 
nomena  taking  place  in  our  own  times,  both 
in  Europe  and  America. 

On  the  12th  of  June  1794*,  after  violent 
shocks  of  an  earthqjuake  had  been  felt  at 
Naples  and  in  the  neighbourhood,  avast  rent 
was  made  on  the  western  side  of  the  base  of 
Vesuvius  two  thousand  three  hundred  and 
seventy-five  feet  in  length  and  two  hundred 
and  thirty-seven  feet  in  breadth,  through 
which  lava  was  thrown  up  to  the  surface.  This 
lava  when  cooled  formed  a  wall  of  stone  in- 
tersecting the  former  beds  of  lava,  and  con- 
stituting a  real  dyke.  It  has  a  dark  gray 
colour,  and  is  in  some  parts  so  coit^pact  as  to 
resemble  horn-stone;  it  strikes  fire  with  steel, 
and  like  many  basaltic  rocks  it  yields  anearthy 
smell  when  breathed  upon. 

The  manner  in  which  dykes  hold  up  the 

T  water 
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^ter  wa&ilMfore  stated.  From'  this  circvin-- 
M9UIQ6  it  frequently  happens  that  mrmertHis 
^jNTiiBgs  make  theilr  appearance  along  '.tihe 
C0orseiftf  therdyke,  and  henee  it  may  acNBoto^ 
tiipes  W  *  detected  inhere  norofther  indioafMn 
^titl  is  visiUe^ at  the  surface. 
vinVteind  of  quartz,*  and  also  of  slate 'jmd 
gnulite,  and  variou»  earthy  minerals^,  withoat 
n9y  .metallic  ores^  fraqaently  intersect  gra- 
nitic md  i^iktose  rpcka^  ^  These  are  closely 
united  with  the  rock,  and  appear  to  gradutlifc 
iako  it :  he&ce  we  can  scarcely  doubt  tiiat 
they  were  either  fdrmed  at- the  same  time, 
and  are  what  have^  been  called  cotemporane- 
ous  veins ;  or  that  -the  rock  and  the  substance 
of  the  vein  have  been  in  a  confluent  state 
at  the  same  time,  whatever  may  have  been 
the  process  by  which  it  was  effected. 
'    The  principal  repositories  of  metallic  ores 
are  also  called  veins.     Rake  veins  or  perpen- 
dicular veins  resemble  mineral  dykes  in  posi* 
tion,  but  not  in  their  contents.    Dykes  inter- 
sect every  kind  of  rock,  but  metallic  veins 
are  principally  confined  to  primary  and  transi- 
tion or  lower  secondary  rocks. 

Metallic  veins  are  often  separated  firora  the 
rooks  tlipy  intersect,  by  a  thin  wall  or  lining 

of 


of  mineral  subrtantes^  disdnot'fhao'^the  W^^ 
and  sometimeB  aba  by  a^iiiifefitof  cte^f  «ta 
eaich  side  of  -the  ^reiUH  Thes  ssahe  «uhWBMWft 
wfaieh  fbnnsf  the  oateraoat«f>thdJ  ¥^49*4160 
irequeiUij  interaoixt  vnth  4te  ore^  ^r  fbMM 
layers  alternating  with^tr  ^bis^H^ftBlhd  tkfe 
matrix,  gangue,  or  TBin«>stott^p  i^  ^mppters 
as  if  the  ore  and  the  v6itM«<»*i<lladf(b6^ 
formed  over  each  other;  cm  the  sitales  of  ^e 
▼ein,  at  different  times,  till  th(Sy  met^<«tid 
liUed  up  the  fissure.  <'  ^  >  »U£ 

Sometimes  the  ore  extends  in  a  compact 
mass  from  one  side  o£  the  vein  to  the  other* 
Not  unfrequently  there  are  hollow  spaces  in 
veins,  called  druses^  which  are  Uhed  with 
crystals.  In  these  cavities  the  most  beautiful 
and  regular  crystalline  forms  are  obtained. 
Metallic  veins  often  divide  and  unite  pgain, 
and  sometimes  they  separate  into  a  number 
of  smaller  branches  called  strings.  To  what 
depth  metallic  veins  descend  is  not  known; 
nor  is  it  ascertained  whether  they  generelly 
grow  wider  or  narrower  in  their  descent.  The 
opinions  of  miners  on  this  subject  are  so  va- 
rious, that  it  may  fairly  he  inferred  thai  they 
differ  in  this  respect  in  different  situations. 
No  instances  I  believe  have  occured  of  a  vem 
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fafilng  ,tMrrkiMi'>oiit  ia  depth, .  tbaugU ,  it  iofien 
grows  too  poor  to  repay  the  labour  of  work- 
ingf deeper;)!  imore  freqiiently  the  further '  |de- 
weotfta£rtbe/ (miner  is*  stopped  by. the  diffi- 
culty of  removing  the  water.  Veins  are^ 
aeUbnourkshc^iiii  we  4[iear  the' surface,  but  in- 
cfleaseiJaumchnfMs^i  efl^they  desijend,  and  at 
gimtoc  deptbs  4:iecone  poorer  Again.  When 
Prjrce  wrota  the.  Mmeralogy  of  Corjawall,  it 
waft  ibeltevcd i  iths^;  the. ^richest  state,  of  .a  mine 
for  ocqpper.iB'lhat  county  was  from  eighty  to 
ooe  ibundred  yank^deep,  and  for  tin  from 
iilrtyjtxi>one  hundredand  twenty  yards.  This 
nqc]|iiot  byc:no}j»ea^^grees  with  the  presc^ 
atnke:ijQ^£  the  Cornish  mines.  Copper  and 
tin!are4}rocui(ed  in  considerable  quantities  ,i^t 
the  <kpth  of  four  hundred  and  fifty-six  yards 
iftithe  Dolcoath  mine.  The  E^ton  copper 
ifiineniii  Stafibrdbhire  i&  now  worked  at  4^. 
depth  «f  four  .hundred  andseyenty-tyvoy^^yiU; 
it^^ctliti  deepest  .Hftine  in  England^  .Thed^^p^ 
catmkm tbaft; haa ijb^en  wx>r|ced  in  ^urppe^^pr 
unifttyrpart  of  .tJuE) jWQfldi,  is  one  ^.'^riat^n^ 

terg  aoitfioheniaii.whioh  «iQPQ  t^^u^ty^i 
jWiids  Joeipwtfthe  snrfsice*  .  .  .  /  mr\  ,  ^.^uy 
liiMttaUioiveina  ijreK)MenK}}i,iQpnt»iiti([)if^];f)9t 
OKeat.vwiws  fibefoAM.  vJrpi»Afif>«f$i9|)^r^ffre. 
.2 1   .  cobalt 
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t^obalt  ore,  and  silver  qre  sueceed^etch  Dthst 
in  some  of  the  mines  in  Saxony;     <^i  *  <'.// ni; 

Jn  France  tbere'^are  minen^wfaich  eobt^it 
copper orein  the la«i^ftstpart;i6iiv«r one-above, 
and  over  that  iron  ore;  .      h        >;, 

In  Oornwall,  blende^  a  sttlphuret  of  zUte, 
firequently  abounds  in  the  upper  partofveMis 
that  Income  rich  iti  copper  as  they  descend 
the  blende  rarely,  continiring  to  any  coasi- 
derable  depth.  In  tke^  isiafne  diMmit^^^in  is 
also  comtnonly  found- ^at  a  small  depth  in 
veins  which  afterwards  prove  rich  in  coppen 
^^  Among  other  instances  that  might  be 
quoted,  are  the  two  dee^  extensive  •  copper 
mines  called  Huel  Unity  and  Cook's  Kitchen^ 
both  of  which  were  worked  for ^  tin  at  first. 
In  both  the  tin  was  soon  extracted  ;  but  nt 
should  be  noted  as  an  uncommon  circum* 
stance,  that  in  the  latter  mine,  after  working 
to  the  depth  of  one  hundred  iand  eighty  fa& 
thoms,  first  through  tin  and  afteru'ards  through 
copper,  tin  was  found  again,  and  has  con* 
tinned  down  to  its  present  depth  of  two  bun- 
dred  and  ten  fathoms  from  the  surface.  It 
ought  however  to  be  added,  that  some  por^ 
tion  of  tin  was  found  in  different  parts  of  the 
veio,  which  may  therefore  be  said  to  have 

prevailed 
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fNMttufed  tnoroiMilett  firomi*hetiui£K»  ito  tbc 

auXh6,.t)iiokneaSiro£  vews^fand  the  quantity 
awl.t«dity  rf  the  or«:fchej««t«i,,  vairy  i. 
<miy  mine.t  SGone^veiiii^are  only  a  few  inclm 
«wde  ;ivOtbefs  ace  sevetal  feet,,  and  sometimes 
Mveral  yafd^Tn  iiKkkh».*  Veins  areioften  naiv 
jmp/iAiOQfiijpart,  and  <aw«U  oat  iin.  .aopthec 
^inm  isab  ii^^lhe  Dokoatb  miiie  iaComwaiU 
-wrie^^from^tsraisr  thiee  feet  to  fatiy  feet^anii 
m  iSomdi^iaceddtcontraetSitoilitt^  moterthaa 
^«llB^tDdM&  ^T;fai&¥ein«^tOineia  qoarta^in  whtoh 
1119  aoJ^d^d:  maeses  called  iMiuches  oft  iCQp- 
yet (pynitcsy  consisting  of  copper  united  vtlj^ 

4i4i^aidQiraka  vmns  there,  are  lOther  miriaaal 
ItpQsitpri^s^  called « flat  veins  or  flat  works, 
and  pipe  veins.  In  some  instances  a«  n^rka 
;l6ain  d^lines  finomits  regular  inclinatioo^  land 
.haaAalmfi  the  direction  of  the  bedsorabMta 
^la  <greaterrot>iess^xteBt,  and  then  resnmes 
tts^ifiHUo^ninclinatiom  In  other  .iutamaes 
>th0;Ciiri^e6  faatpreea  beds;  or  strata  are  fiUad 
imth  m^sfeillie  o«$a^i  Ij^ing  betwieea  an  upper 
md4ower  stratum )  like  a  seam  of  cDa^:  joid 

are 


are  AubjaQl;^to  wmibr  di8hi(»timi^^  bdk4:toK 
are  not  regular  strata;  tb6yaiii^cire(|tt^iftiy 
heATW(fBd  torn  perpendicufaifn^DiflNtkftrhiein, 

mansions ;  see  pkte^  VK.  fig.  'li^^  tlfiHjgh^tlfQi^ 
is  generally  ::whfl^v  is  .^kd-^  16  tidcir  oc  liums 
of  mineral  matter  between  ithiebtMre  el^x^fvty 
strong  rake  mns^fknd'<d(taiJUK|;beiAa(tiV«n^ 
at  the  place  of  junociDily^^  TUeugh  'flatr  vtfii^ 
4iii>  paralfel  betweea  >tbe  ^ttwu^y  theyifttir 
■quently  open  into  large 'Xxuritdea- filted<=% Ah 
ore  and  veinnitofie:  these  ^cavitite  ek^eitgiiin 
by  the  con tf acting*  or  ^wlmt  the  miMrs^l 
twitching  of  the  sides^  hy.'ndiich  the  -  prints 
nearly  or  totally  excluded.  Such  ej^d^hifs 
jiad  twitchings  are  Ma^soatoommon- to  4ake 
veins,  and  are  ^represented  ^ at  C^rd^  plate^il. 
fig,  4.  "   .-'•-      .'Vi*'  -:'^.q    ■'i.'^-^' 

>  t  The  blue  John  or  fluor  ^spar  miM  tfdai; 
4ua6tleton  is  ofthis*  kind^-  The.  vein '%bfdi 
contains  this  epar  ia^epasatfedcfttmiithe  iiftfe- 
^etone  rock  by  a  lifting  of:  aaxiEbor  iMilphatF Df 
barytes^  and  by. a  thia  lajmr.  of :  anctUttils 
lelay ;  it  swells  out  4oto  lai^  oBMrlMei^^'  \^hieh 
^mstnact  again  and  entirely  exclude  the  ^Vfe, 
leaving  nothing  but  the  liaing  of  the  vein  to 
comdiUU;  .dwt^^nBiiiief^^to  aao^er  reposilory  of 
^  ^  the 
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t|M|r  a^r.  K  1%0  cry stallizatilMiB^ ^ftitti  tuineral 
iUcfiQatatMU  on  the  roof  and  sides  of  die  nak 
tufol/cayerosrwhich  are  passed  through  in 
tiiii^riniiie)  fiur  esoMK)  in  beauty  those  of  any 
citber^earem  in  England ;  and  were  the  de*: 
scriptions  of  the  grotto  of  Antiparos  trans« 
lated  iata  ^-^simple  language  of  truth,  f  am 
in$JUned  to  believe- it  would  be  found  inferitor 
iiv^agnificdiifee  and>plendour  of  mineral  de? 
OGmtio^  t#  the :  natural  caverns  in  the  fluor 
mifi^.  t>rTbi(^nnne  is  rarely  visited  by  travel* 
iaCB^^thedea^nt  is  safe,  bbl; ^the  roof  beiag? 
loWi^W  somevparts  jt  .is:)  rather  *  difficult  o£? 

riy^en  f^^f^t  vein  runs  parallel  ^ith  ther* 
'  beds  0r  ^t^tat  of : «»  mou  ntain  to  a  considerf^ 
able  ex  ten  ty  it  has  frequently  been  confoiuided?) 
with  the  regular  bjeds  of  the  mountain^  and 
supposed.tO)be  df  cotemporaneouSfOrigio^  ^andx^ 
a  4)^iiet  formation,  frem  veinsu  .Iron,^  which/ 
is  universally  disseminated  through  i:l}e'  in**: " 
n^nk  kifigdomr>  Qiost  ^  commonly  occurs  Qn 
bedp  Ibrmiag  an  original  part  of  rocks  c  >but^! . 
b^i^ea  iron  And  npang^tfiese,  it  may  bedoubtedj  ^ 
whf^jl^Qr^wiiatMai^  oatied   metallic  beds  aittf^ 
nQbffftperljtJal;  rveins,^  wbicbi  have^tak«n'*di0  -^ 

strata 
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stmta  of  ii»  ta^.^stwnrm^i^?&92iTef^rtaiflr 
regular  metallic  bacfe  an  dor  dsland,' niM^h' 
may  not  be  consid^redrasicfkt'veinsi  'Except 
beds  of  4ron  dre  or 'maiigafieffii^  and 'irpiVfL" 
hsps  of  bitumhnms  natlep^te  impwgaiOliA* 
wth  copper.   r^A    .     o-;o-i;»    -rh  'to  «*^  .ivin*)-: 

>  The  prpe  vein  nvfff  tien^dmeilbMoM^d^'ti^.^ 
buiar  mass'of  6i«'ahHT€fin4st<fiici^iM^)»^^ 
sc^ndingin  riiedirei^troriof  tfaeJbMte'^rtdwiKie^  - 
ing^and  contraetin^iioiit^'t&ara^J  in  m^kfi^ 
itie  pipe  v^ii -^v  a  ^m^ietyof  thtt 'Vat«^^^ 
faaving  tbe^sides  blo»ed1^r^t\aite)i«l>iw^^sd4H'^ 
tbofrom  a'  tube  -dr  oavity  o^^Wrr^ufor  iila|S^'^ 
amd  of  very  limited  extent  along  the  liii^V^ 
bearing!,   bat  deafefMiliiigr  te>  a '^|reat nd^^. 
'Masses  of  ore  am  ^  ocoasiontally^  i1b«ind>  4»^ 
tached,  withont  ahy  appaterft  edifntfOiidif^^id^''- 
tHe-  surface  or  other  metallic  veite..  *  Onii  df^^ 
also  sometimes  diMeniinitod  through' )4<9dAr 
x>f^wbich  the^r  app6ar:t»'ft>rai  AimongiMd^tb^^ 
stitnent'patti  '•  "    ^   *"'  -j^nfir-.-^ir^jf/  yllui'7'*v'aH  ^ 
nOne  metallic  veifii' oftMrr  crOM^wf  dftW  • 
^htough  another  dndM^aplacMie:  iW'ifi^  A^^ 
stbAtJ^s  it  fk  '^id»nt'«lia«^6(^i^lk^^^K'%'i 
ciMthfbtrgh  nitAVhe^MiVb  tffltieM' ttiait* Ifhat  - ' 
^hftihrint6#fi«i^«s  it.  This  ob§(fr*ft^c«'ii^6^^ 
iiig>theiMbtM:«|g(»s  ;^ydt«rM«&^8¥iV^tn«le 
:*  -•%  bv 
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liy  Jin  Pjryce  in  his  Minerdo^a  Gornubi- 
mitm  >  t  Xbbr  di&reot  poiilioii  of  veins  is  re- 
presented in  plate  IL  fig.  4»  vrhere  a  a  is  a 
imn  intersecting  a  rock;  it  divides  in  part 
4i£iriti6.r  course  and  unites  agaia*  and  finalljr 
branches  off  into  small  strings.  In  many  in- 
jrtancea  iim*i»i  strings  lead  to  a  further  con- 
limKition  of  tbe  vein ;  perhaps  fehis  would  ibe 
ii^und  $p  be  the  case  in  alU  were  the>  worL- 
iilgs  carriied  <»  i^  the. same .*direction*  6  &  is 
.^otbfif:  vein  which  cuts  throu^  the  iformev, 
and  b»S/tfafHMrn  the  lower  partof»liiev)eiii;a 
<a«iit  ofvdts  <x)ur8e»  SosieliHies  one  veiR'  paasta 
IJMKHigb  another )  without  rthangiiigi:  its  sdfr- 
JtUibon..  vWhen  one.  vein .  crosses  another 
wftlieb  has  an  opposite  incUnation,  it  is  ob- 
A^ved  that  they  often  become  poorer;  but 
wkm  two  veins  which  have  tbe  same  general 
llielination  iunite»<  they  ar^  most  frequently 
Jicry  ii$h  in  ore  at  the  junction  ;  (plate  VIL 
fig^r4.  a  and  b)  and  when  a  number  of  veins 
«K99$  each  Other  at  one  place,  they  som]^ 
lUMS/form  a  conotor  mass  of  ore  of  piit^ 
><]tfioiifl  jsipst  widening  as  it  descends.  Sueh 
MM'! called  accumulated  veins*  They  occol* 
Mitha  niniBg  district  of  Durham  and  Nortfa^ 
ttteberiand  ao^/jthflL  aMtfaUi&ivus ;  liAWfStona 
i>-  The 


The  eKJNLvalikan  SormedL  wbeo:  1^  ^bfieYift 
worked  out  resemblfis  in  jshflpe^  theunsideoif 
a  large  glass  furnace..  :  l-  .  :  ^.r. 
The  direction  of  rake  veins^is  not  verj^i^ 
gukir«  In  England  the  principalTtinsrgeniff^ 
rally  run  nearly  east  and  west,  and  noithp* 
east  and  south-west ;  hut  have  frequendy^^un* 
dnlations  and  deviations  from  a  straight  MnMt 
the  fiiost  powerful  veins  are  mGh'e<r€gulfl0*i<iA 
tlieir  course  than  smaller  #iie»»>  ^  Where  ^6m 
veins  in  the  aame  district  hav«r  the '  aeaexl^ 
m^ion,  or  ran  paraUel,  it  is  dsserved  tbaft 
ifaeir  contents  are  siaialar;  but  wher^i^tfaiey 
MMQ  in  different  directions  the  contents 'Vttrjr. 
Molina  in  his  interesiang  iiist^y  of  Chttl 
«ientions  a  vein  of  silver  atUspalata^  initfae 
i4odes,  which  is  nine  feetia  thickness* throogb- 
jQUt  its  whole  extent)  and  hasbeen^^^tnattd 
^dnety  mileaiw  Smaller  veins  branch' off ^DtMH 
Meh  side  of  it,  and  penetrate^the  neigiibmRt- 
iog  mountains  to  the  distance  of  thirty  miigB. 
It  is  believed  that  this^win^atcetohef  tcf^tltt 
4^ance  of  three  hundred  ^  miies^  A^^mtal 
«aUed  the  TidsweU  Haks,  io^Derb^i^tw9'X(Se^ 
tends  some  miles  east  and  west;'  it >is  worked 
&om  the  surfieuie^  and  ma v  4m  seen  JK^or the 
mad  .side  betveco  ikat  Hucldow^aad  "^EMs^ 

well. 
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welK  It  is  lost  at  its  two  extremities  by  the 
lime  rock  which  it  intersects  dipping  under 
other  rocks;  l)ut  in  the  opinion  of  miners 
who  ha vb ''worked  in  ^North  Wales,  the  same 
vein  rises  again  in  the  lime  rocks  of  that  di- 
strict 

"In  Cornwall  and  Devonshire,  and  in  the 
mines  of  Northumberland  and  Durham,  the 
principal  metallic  veins  range  nearly  east  and 
westv    In  the  former  counties  they  are  called 
lodes,  in  the  latter  right  running  vein^.    The 
north  and  south  veins  which  intersect  them 
are  called  cross  courses,   these  are  seldom 
productive  of  ore.     In  Cornwall  silver  arid 
cobalt  have  been  found  in  some  of  the  cross 
courses.     And  in  Northumberland  and  Dur- 
ham   the    cross    courses    contain   ore   near 
their  junction  with   the  principal  veins.     In 
Cornwall  the  cross  courses  displace  the  east 
and  west  veins ;   the  displacement  is   only 
a  few  inches  in  some  veins,  in  others  it  is 
several  fathoms.    On  Alston  Moor  in  Cum- 
berland   a  large    cross    course    called   Old 
Carr's   cross    vein   cuts  through   two  veins 
called  Goodham  Gill  vein  and   Grass  Field 
hill  vein,  and  has  thrown  them  aside  about 
fifteen  or  twenty  fathom.     When  the  cross 

course 
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course  interaects  the  east  and  west  yeio^,,af^ 

right  angles,  the  displacement  is  gener^^]^ 

less  than  when  it  strikes  it  in  an  oblique  cjl^ 

rection.  This  effect  will  be  more  dear|y  co^^ 

ceived  by  referring  to  plate  VIL  fig.  3,  whiqk 

is  supposed  to  represent  a  ground  plan  ort^ 

principal  veins  intersected  by  a  cross,  coujvse. 

Particular  metallic  ores  are  pecuj^r  to.  (^^ 

tain  rocks.     Thus,  tin-ore  occurs  in  grawter 

and  some  kinds  of  slate,  but  has  neyer  be^ 

found  in  lime^stone.     Certain  ores  ar^  al^f^^ 

associated  together:   thus  lead  and  ,?inc  a^T. 

inp3t  always  occur  in  the  same  vein,  j^ut  in, 

different  proportions^  Metals  are  rarely  found. 

in  a  native  state,  except  platina,  gold,  silv^r^. 

und  copper.  They  are  usually  combined  w;itb^ 

some  substance  by  which   they  are  mineral-. 

I,  which  is  either  oxygen,  sulphur,  or^[^^ 

;   sometimes   they  are   con}biAe4  ,^i[^ 

other  metals,,  and   form   alloy^^     Different, 

combinations  of  the  sajcne  metal  e^xist;  in,,Qne 

v^,     Native  /  copper^  sulphur^t  oC^cc^pj^^j^ 

n^fibonate  of  capper,  or.  malacljite^  ^SJ^pJ^fc 

oC*  copper  or  blue  vitriol,  and,  copper  oooji-^ 

b^^4  >Yith.  lead  and   iron,  .frecjueiijfl^;0(c<^r. 

t9g(ejtjjier  in  the. g^n^e.. mine.    .     .  ,       .  .. ,  .[j,^ 

,.Ci?i)^*4H*^  a  ,?iuipliui;^,9^  .lea4„>^  ^f^^"^i^p 

sociated 
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Mcisted  with  \^bite  lead  ore,  or  carbonate  of 
kad:  The  latter,  though  a  rich  ore  contaiik*^ 
kig  lei^ntj  per  cent,  of  lead,  has  no  me- 
tallic appearance,  and  was  mistaken  for  cawk 
and  thrown  away  by  the  miners  in  Derby- 
sUte  until  the  year  1805  or  1 804.  The  nnn» 
of  that  county  have  been  worked  since  the 
time  of  the  Emperor  Adrian,  and  the  quantity 
of  ore  which  has  been  wasted  during  that 
period  must  have  been  immense* 
•  In  what  manner  metallic  veins  were  filled 
with  ore  has  greatly  divided  the  opinions  of 
geologists.  Dr.  Hutton  supposes  that  both 
dykes  and  veins  were  filled  with  their  con^ 
tents  in  a  state  of  fusion  by  injection  from 
below,  the  expansive  force  .of  the  melted 
matter  having  cracked  the  surface  and  opened 
a  passage  for  its  reception.  That  many  dykes 
were  so  formed  I  think  probable  from  circum- 

■    ■  ■    I  ■  I  I.I,  — — ^  I  I      I      ~^l^M^^^— » 

9 

*  In  1810  few  of  the  working  miners  could  (Ustinguish 
compact  white  lead  ore  from  cawk  or  sulphat  of  barytes; 
their  specific  gravity  and  appearance  are  not  very  difl^ 
ent.  The  following  test  is  of  easy  application,  and  will 
serve  to  discover  the  presence  of  lead.  If  a  small  quan- 
tity of  flower  of  brimstone,  mixt  with  a  little  potash  or 
soda,  be  melted  on  the  point  of  a  knife,  in  a  candle^  and 
applied  to  the  moistened  surface  of  the  stone,  it  will  make 
a  black  spot  if  the  mineral  contain  white  lead  ore. 

stances 


k 


stances  prerioosly  itatecL  Other  djrkttr  ap« 
pear  to  have  been  open  fissares  filled  by 
materials  washed  from  the  surfacei':and  con"- 
taio  rounded  stones  and  sometimes  undecajed 
vegetable  matten  From  %^  djke  of  oky  in 
rcoal  mine  in  ¥ofk$hito,  two  hundred  and 
fifteen  feet  deep,  I  have  drawn  out  long  vege* 
table  fibres,  apparently  roots;  the  woody 
part  of  which  was  unchanged,  and  burned 
like  the  roots  of  common  weeds.  Werner 
supposes  all  veins  and  dykes  were  first  pro- 
duced by  the  shrinking  of  the  materials  of 
4ri)ich  mountains'  are  composed  ;  and  that 
metallic  veins  have  been  filled  from  above  by 
the  ores  in  a  state  of  solution.  This  theory 
has  been  advanced  with  much  confidence, 
and  warmly  supported  by  many  geologists: 
but  I  have  no  hesitation  in  asserting  that  it 
ifl  demonstratively  repugnant  to  facts:  in- 
deed, the  implicit  credit  which  has  been 
given  to  Mr.  Werner's  dogmas  on  this  sub- 
ject, is  one  among  numerous  instances  of 
men  of  distinguished  talents  resigning  their 
judgement  to  authority,  and  supporting  the 
most  absurd  propositions  when  conformable 
^to  their  favourite  hypotheses.  If  veins  were 
filled  by  metallic  solutions  from  above,  these 

solutions 


■s 
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solutions  must  have  covered  the  highest  moun- 
tains 'over  the  whole  earth;  and^instead  of 
finding  i^etallic  ores  in  the  present  confined 
repositories,  they  would  fill  all  the  cavides 
*^and  valleys  in  every  part  of  the  world.     As 
this  theory  supposes  likewise  that  veins  were 
formed  at  different  times,  a  number  of  these 
metallic  solutions  would  succeed  each  other, 
apd  we  should  find  regular  strata  of  ore  in 
fill  primary  and  transition  rocks;    and   the 
quantity  formed  by  these  deep  seas  of  me- 
tallic matter  would  be  incoi^^eivably  great*. 
This  theory  is  decidedly  invahdated  by  the 
following  facts.    When  a  metallic  vein  passes 
through  difiTerent  kinds  of  rock,  it  is  gene* 
rally  observed  that  the   quality  of  the  ore 
varies  with  that  of  the   rock  through  which 
it   passes;   and  even   different   beds  of  the 
same  rock  are  more  productive  than  others, 
and  are  called  by  miners  bearipg  measures. 
This   is   the   case,  in  Durham,  Derbyshire, 


*  Metallic  ores  may,  in  some  instances,  have  been 
formed  in  fissures  which  were  once  open  at  the  top,  or 
veins  may  have  been  reopened  by  a  subsequent  convulsion. 
The  round  pebbles  which  are  sometimes  foimd  in  veins 
prove  that  there  must  in  such  instances  have  been  a  am* 
nection  with  the  surface. 

Cornwall, 
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Cornwall,  and  probably  in  etefy  miinag  dU 
strict  in  England  and  Wali^. 

Not  only  does  the  variation  in  the  nature 
of  the  rock  occasion  a  change  in  the  quan- 
tity or  quality  of  the  ore,  but  the  mineral 
substance  or  matrix  which  accompanies  ores 
^merally  varies  in  diHerent  kinds  of  r6ek. 
Quartz  and  barytes  are  more  frequent  iA  gta,^ 
nite  and  slate  rocks  than  calcareous  spar.  In 
calcareous  mountains  quartz  is  more  rarely 
the  prevailing  matrix.  In  the  counties  of 
Durham  and  Northumberland,  veins  pass 
t)irough  siliceous  sand*slone,  argillaceous 
shale,  and  lime-stone.  The  ore  is  more  abun- 
dant in  the  lime-stone  than  the  sand-stone, 
and  in  the  shaleprovin  cialiy  called  plate,  ore 
very  rarely  if  ever  occurs.  In  one  Unind  at 
Welhope  the  matrix  of  the  vein,  as  it  passes 
through  the  sand-stone,  is  caulk  or  the  sul- 
jAat  of  barytes;  but  when  it  eiHers  the 
Ihne-stone  it  changes  to  carbonate  of  barytes 
in  balls  having  a  radiated  diverging  struc- 
ture. But  what  is  still  more  deserving  of 
notice,  when  the  rock  on  one  side  of  a  vein 
is  thrown  up  or  down  considerably,  so  as^  to 
b¥ing  a  stratum  of  lime-stone  opposite  a  stra- 
tum of  sand-stone,-  or  when  what  are  called 
«  u  the 
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tli^;waHs  orche^  of  the  veia'are  el; twir 
different  kinds  of  dtone^  (see  plate  V(L  iigi  3^) 
the  Hieia  is  Jiever  so  productive  in  onev^cui 
when  both  sides  of  the  vein  are  of  the  ssmd 
kind.  This  fact  alone  seems  sufficient  tp  in^ 
validate  the  theory  of  Werner,  that  bveii^' 
were  filled  with  metallic  scdutions  poured^an 
firota  the  upper  part.  Had  this  be^a  ^e 
case,  tbeC'^iature  of  the  rock  could  ilbtMr 
made  no  difference  in  the  quality  or  ^mdi 
titv  of  the  ore.  »  3iiJ 

'  Mr»  Werner  in  his  Treatise  of  Veins,  states 
one  instance,  as  If  it  wel*e  extraordinary,  of 
the  6re  chan^ng>4td  quality,  as  the  vein 
passed  through  different  rocks^  and  is  inclined 
to  admit  thatelective  affinity  for  the  rock  may 
have  contributed  to  the  effect.  The  circum* 
stance,  so  far  from  being  extraordinary,  b 
of  common  occurrence,  and  known  to  all 
working  miners.  The  entire  cessation  of  the 
ore  in  one  part  of  a  rock,  and  its  re-appear- 
ance  below,  are  still  more  striking. 
\  In  Derbyshire  the  beds  of  metalliferous 
lime-s^one  are  separated  by  beds  of  basaltic 
rock  called  toad-stone.  When  a  vein  of  lisad 
is  worked  through  the  first  lime*stone  ^lown 
to  the  toad-^stone^  i|t  ceases  to  contain. any 

ore. 


ore^  and  oftea  entirelydisappeiorsc  ori  sink^ 
ing  through  the  toadrstooe  to  thebecond  lime^ 
8tonev<<the  or«  is  found  again^  ^buti  is :  flut  off 
bf^ada^er  bed  of  toad'-stone,  undefT'^wfeich 
it  appears  again  intbe  third  iiinle*«tone.  irln. 
strong  veina  particles  of  ^iead^ocmir  wj>th» 
toadnstone,  but  in  verylamaU  qmotiti^  '-  • 
*  If  niineral  veins  were  £llftdifi?9fa  arbovo^by: 
metallic  itolutions^  it^is  iroposaiiile:  to  etmqetv.e 
that  the  nature*  of  the  rock  should  cbft^ 
the  quality  of  the  ore ;  much  less^^uld  tho 
ore  disappe&r  in  one  stratiioa,  andr  appear 
again  in  a  stnUum  -below  it.  *'  Nor  could  the 
veui  be  filled  with  melted  matter  ejected  from 
below ;  for  in  either  case  it  would  be  equally 
impossible. to  explain  why  the  ore  is  separated 
by  the  toad-stotuti  though  the  vein  is  con« 
tinued  through  it. — See  plate  II.  fig.  5,  where 
1, 2, 3,  represent  the  thfee  beds  of  lime*stone, 
divided  by  the  beds  of  stone  e  and/,  and 
covered  by  sand-stone.  When  the  vein  b  de- 
scends to  the  bed  of  toad-stone  Cj  it  entirely 
disappeara;  but  on  sinking  through  to  the 
bed  2  the  vein  is  found  again;  it  disappearrs 
a  second  time  at  the  bed  of  toad-stone  y^,  agd 
le^ippears  in  the  lower  lime  3.  Another  vein 
a  a  is  liupposed  to  penetrate  the  beds  o^  toad- 
,  u  2  3tono 


.  >■ 
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fttcme  ^f»  bi4  conttiins  no  pre.wh^e  it.pa^s 
lil^l^ug^  themw , .  Jhe  upp^r  part  of  the  vein 
4.i8..jrepresemje(Jl,  a^  penetj»ting  the  ^uperyfi- 
fumbent  sand-stone,  which  is  soipptim^  the 
(jjwip:.,,  ^|...thw  p^rt  oC.  the    veip;  the   »ost 

^l^lj^,  |]tR^<M;^)  of  the  04w  mine  new 
lCastI.Q|of},|i^e  di^py^rf d,    |p  sqpae  MtuatiQf)s 

yf\^r9.  the  he^s  pf .  Ijune-stone  ftre .  .dij^idjf d  hj 
j^i^s,  gf  q1^,,  prayiacioUy  called  wpyr-bo^r^a* 
tjcf/^  y^-h9»lds  jp^t  off  tlie  v^)5i,.^^.^e9- 
ttuiii]|y,^§8.,t;lnip  tpadjrstoiie.,.  §iich..  jfeflte.  prpye 
f^|;.^^«^e  vei«s  were  npit  fiUed .  ij^tp^  %^.yek 
]^]ffffei^,  J^e^A  htt»  Qoi^^ctur^  thf^t  Uie 
][^  0f.|9ad-&tQQe  and  linap-9tow  in  Pef;b>'- 
8hire.,^ith  the.wetakllic.yeio0,  wer«  aU.coteflft- 
|jgrai!i.ep,us^  and  ,th»t  the..tO0d-st9i^,.,q]cps9ed 
tijrou^h.the  veins  at.fhe  .-tipjje  p^  th^r, .tf).^R}ft- 
^ojiy  ^)^X  the  difiecent  prgaoic  remains  ii^^the 
V|>peii>^d ,  Ipwer  beds  of  limer?tOjpe,|)re<;Iu((le 
\\.}p  ppsi^l^.ili|^  of  their  having,  hem  -fprmed 
at  ^  «ftipQ  lime,,  .The  zoQpb>^tes,in  tJv5„lpy«^er 
|pj^,,of,^9ck  could,  i¥)t.;be..Uyivg  i^id..,.<;<^ 
exjptent;  Avijtb  the  sjiell-fish  i»  .^hg.i^p^.Jf,  »pr 
Yi;ifJ»  ^tfcis  vt-gptabJe  remt»ins  oqp^s.ipnal)^  found 
ift  tji^  sand-stope  whic|j iK^u.e^ptl^» j|;9jy^i:8.^^^ 
>i(|)ole,  and  iintp  which  ..^e  yeii^  9p,9)ff|^m«s 

4v)ot  .  .Cuvipr  ,ba»  ^eli,  oH^/^^*^  ^ih*^® 

existence 
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cicistAitce  of-  aifferent  oVg&hic  tfetoaiiis'  ftfttfete 

jrtfetii'Yn  which  th^y^w^e  fovttHU'Wl^t^'fStMed 

*''^If  ii?i^tallic  matter  were  Hbt  {toured  in  frtttt 
!lBc\e,  tiSr  ejected !from  bdow,  in  what  miihS* 
niir&uVit  come  ihto  t!fe' Vfcin  ? — ^The  state  diF 
ctiefaiical  science^**  dffd^'the'  facts  at  pffei^t 
fihi^h,  are  too  limlM'tt  furhi^'^tt  iblhtlon 
t^^this  interesting  qdesthm.  There  are,  howi- 
i^Ty  certain  indications  which  may  serve  as 
a  fclue  to  future  discovery.  The  variation  of 
the  mineral  products  in  Vfeins  as  they  pass 
through  different  strata, 'seems  to  prove  that 
the  strata  were  efficient  causes  in  producing 
this  variation.  Perhaps  metallic  matter  was 
diffiised  through  different  rocks  according  to 
£heir  elective  affinity,  and  separated  from 
them  by  Voltaic  electricity,  the  different 
sides  of  the  vein  possessing  different  states 
of  electricity ;  or  the  strata  may  act  like  a 
sef  ies  of  plates  in  the  Voltaic  pile,  separating 
and  secreting  metallic  matter  from  its  diffe- 
rent combinations.  Some  of  the  metals  and 
other  substances  found  in  veins  are  capable 
of  solution  in  hydrogen  gas,  and  perhaps  all 
of  them  may  be  so  by  natural  processes ;  in 

this 
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4ha>ttiifed  lUiMf  ^«ii»y  ^aski  {MnMnted  dm  «Bm 

f^  eiaf<ir«}ofHrlit<^ir<M^kr«««iii]K^tsdBraad 
IflMi  pfdbftbiKt^b^Mit^rclKtrtiietri^otbein^elnes 
fciw  «o»lf»oUKi(i^  89btt»M6^  of  'JtrfaiehohydvDgen 
forms  a  part,-'<^it>ia0ti^)iieiV6(raaipeoting  the 
foruf  atiK»n<r  d^  ia«udKoiMi4;t»«t  l^'  «»tnrali|>ro- 
cei9e«,^  wlaj(^ii3i4y  Wwithuir  the  TCMtth  efiiut 
lead  {kfwt^  t(itdiftri)li9(>;;>i|  not. to  imiia^eoeaa'' 
9t'IftiMtiiUietiiat(^r^4ii^noW<fornntigUi  omih^ 
tfa0f>rod««of  it*  fo^iwick)»^M«xtif  i»t4gB,ttIe«^ 

^v»)liilit<li^  mae3^4|F'So«ie'iiiirttaic€|S)  be^^fv 
«dve^  'lyirt  TmAim,  ^irecito9-)c(filiieniihieB  in 
iSand vws  i ii«^0i<jd>'  ae  gun ttotiMtv  bf  i ttfy ^a*. 
t|«aihtttb^6'  tbat  hb '  had  %eeii  it  leatkerfdfifktg 
0uspigDd«d'iiK>iA'  U)e  roof  of  ria>!fhiqe/.i<toflMd 

^illrfef  fsad^  "vicreiouti-  silver  <<0MC>i4Mtiit)^  .lAi» 
1irdod|»ii  sa|>tK»fU'ikA:"ia  «  mine  oilled'JDreiyn. 
i^eib«r,  1n<  theJdi8tric«  k^  MttH«iaft»tt%fal^  «4iitA 
fiMd'^be««r J  voider  M«ter  t^d^'^bumdiHed  -^eiN^ 

i"^  Mtl  Ti^fa^^u  lfMl<fr<M[A  ins'<>wn>obtfe»«p 
irn^  m  mfiisi^^^infer  jd«it4n6taliio(ora«[Ja«<e 

in 


iaeft  ffiflew$^iffikf»q  Mr.  ^A^gwQ^  F«l$|eiv'» 
practical  m  iner . tni  ^.orth«ni)>^j9d||3d«ftO% 
•Uat8UWobSelougbffiiiQfrdinvther«owMjbo£0kir- 
ban^  >whsobi  wa»  <rf<Med)ifQK.  iii«i%>tjtiif>  (tw^»ly 
yearMkod  Topmact  a9iito»iMi9dlff  Kifl  iHoto  ImKI 
oi%  wcret  iob3e#«e4)  ps^cetiiigf  OtHDc  4kfr>y  «lib 
nbrtthaB{fenro4nehea<4fYTlengj^..i-!i^q  a  p.rrrn> 
-oiTbese  Aad-AtboR  |dMeo0fiif9)«  ^bservaUftih 
mihea  ma^  'C9iiviAa&/«>s44h9tr4hitr!»rai:a9fi«^ 
eesseajgom^  on  <  alt  fr^n^ykbibt  gro^lnbflf 
prtm^  of;>kh&r9»r|likriaNd).'P«ilHip«^I«hfif»1lBte  ' 
a8»tag«HMif)flOoe«Hi9(j|aJiMig>'4))aic^  . 

hidfied  openation&^c^alii^i^rn  '¥hQf^n«a^ 

•^tvwiii^h  «M»it4imqre.RaH$tnli^ttbfWrifeii^ 

o«8  prQduc^iQK  ofioUm  onid»«9fr»tbAe»  in^lp 
luajcdOad  fio  more  iT«f>oi^si{ntiji!e^l».  tAiftfbtbffr 
leanned  i  JPfiQi«MQrt/.af»peHin.':bQ^Lkaff$  c^^ts^iH- 
paied.  ij3(b<»0:ex)pfe!rifne»ts  .^UtiWiithft$;^iM»^ 
tlie  alkali  nor  the  fl;Di(|'[es;,i4tl::p)jevMiuBl^>.-!Hn 

in^tbr  moidburarpf cAbe-AtinospliQmr  drjr>  fimtty 

;  rapid 


^\  - 
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When  »  portion  Q^ttiWi-ffit^Utirji^  .ftoHfitit^ 

tbp  jG^i39)|tti(Hl  oft  wtre^wenb  loft  ^^r  i%(  certwii. 
tWQ  /iMf d ) th^n . qn^aed. . t  The;  stiiio»>arjfst9ilt- 

PW;t<l  /^d^^«fUi>   WMa  i<ihei  wail  mw  QQatffdi 

WWPPWftgi  .«nd  recQiupOMwi^ng^,th©/*ieniftntt|- 
o£,jnje^lUc,QF  salipe  m»tteiri  fraiftrthftrfi^mwI- 
aiJiieRei,,  lOr,  fhp .  gaaep«?  fluid*  ,v!i|t^r5Mhich*  i^fite . 
ipt9i;i9io!^i,.,T^.,bas^  «^ j«itre>4p9^p^«q[f^ 

tiu;e.,  i^  t^ft  ,#f>t  (^^,  fwqdw: wgffpj  fy^^  ■  vikfitu: 
her  tQ^jrqveaJ,  ,tl^  ipiipcesp,  JfegF,  rMf htob !  «b«J  eprftt o 

with 


vawmtnnik  nmiMattk^ :  7t$- 


and  are  thereby  enabled  saccessfiX{fy^tJ()^ft[fl^- 
tiWlHSMfk  Ih'iti-'fiH'iftitedfl.ntJinoq  £  .lyiiW 

ntfls^^  and  ptfr«kl€!$>  «f  dt« 'fiR^(oA§tf 'diSy^Ai^^ 
nated  fbro^gl»  ir^ihiaryk)fg^4bJsiiti^lfrot)iiii  1^ 
to  tbaC'of  af^^^^itiHM"M>^*<ii^iioiSilf& 

s#k«'  areiftlto  imbedded  1ft  «h^^iiafte1Aiiifti^ 
a^a  it'ys^ob«M'^<Ekt>^&1<«b«<iit^s  -iMUfldPiilre'- 

aikd'  lMy^>g«tfdMtty' tli^>%^^^lihui^>  df  ^i^- 
cdr#dd^l<  -Ar»%«'<to>'i(loftt^9a^"inl^h"ihf' 
stawe«s,''tbdt:<lEh«t  faifti>d  flflli^rf^iSfid"^^!^'' 
ore^' ha)r«i  b^il  fdi^Md^'iH^  i^  mSsititi^^  ^'■ 

tb^itkiyby^m'^^\ittfi^^emW^hmmtf^'iit' 
thrfUftfbey  toi«je«bd<yu^ii3d  •>iti^>''dkS^if^^'(h^' 
v^l >  iind< thbtlEl ibe«iii«ll  dfi^^etiyy <dee6iVyif f- 
pcMedj  tfscd^tlbe  r^tnakiiM^tletibtied^AJfaMi^^'' 
I  9hoirid'be4iao)i«iftettM^  tb'tmi^  HA&(oMi(t 
opisidfi;  tbii«4t<tnu#t  bi^'&lk>^^^^tl&e>tbeH^a^' 
inliirpKfcafbt<^:aHm«Mce9>'dr'ttf^d«^^ 
]nH)Mla)»iwfaiehifbrMlei4f ^jii^tdd! iti'Vi^tHs."'   '■ ' 

crystris  *0f>«Mdth^»  ttbd  tb^ '  di^alppeiifofit^ ' 

.     ^'=-  is  . 
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m  indeed  J  a^cotBiQODphttDomenm  in  suuiy 
4ijigliih anineiu . •:!  have  before  ne  a.ma8a>of 
"TockicTjslAl  from  iDarham^  ftmaedion  caluc 
Amr  spar  J  hut  itba  crystalsr  o£  the<  latter  hate 
mitireljr  disappwred,  leaving  jwthijDg  bat  the 
impxession:  of  thisir  for  en.  In  the  miDea  qf  Deiv 
::b3;fthire  iocnidtatiDixs  of  culainine  atPB'.  formed 
Qhi  caldsmf:Hi5o'drj?filBls,  takiog  tbe'shiipe  of 
.tbfi.ckig7|M)th  epar  t  butiiLthe^eiAlse  car^stals 
jipiitraoeiof  ^the  ioterioc  ^orygtal  is  lefU;  .GcK* 
tain  I  local? manses,  plso ;  appeal?  > (ta*  iafiuence 
theAoryabdiiaaUoajef.  mineiabi  ii^  ^lifieropt  di« 
^riQtttn'fand.didpoMeiA.tbein  to  itarke  .peculiar  se* 
(Tondary  for{n«^/M«hi€h(Q«iyi>bfi  considered: las 
apfm)pviat&'to;ltl)«i  mineialfiipf>ithat;disfidct« 
.Xhe  py rd«ddalxr)nrt:aliizatiiQn  lof  1  niLtbfAstsiiMi 
JlUne^  <;alled  the  dogtftooib:spar.(C/uii^(€ai^ 
ho9iat6c  mctastatique  of  Hauy)^  is  abundant 
'in  some  uf  the  mines  of  Derbvsbine^iiwllilst 
ithc  same  iHiineral  rarely  assumes  iliat  i^roi  in 
the  ^¥uiics  of i  Northumberland  andDufbam, 
-but  is  ory^^tallis^d  in  otlier  forms,  ni'hiubi^are 
equally  rare  in  the  Derbyshire  mines.  jEluor 
spafcand  bary tes.spai  have;apl>ropriate  £irni2jt 
in  dilFerent  districts,  froin.  which  ^juiy  devia- 
tions >iiDay  be.. conMdered  as:  vaidetiea^r/irhe 
cauaes  Nvhich;  occasion . Jthis.  .dkersit(j|^rai^  119? 

coudary 


^omkry  forms  in  mkifralfl^ffiiioM  constituent 
partBEppew  by  chemical  dnaljsinitDibeiipriU 
oiwfyrtfad  same^  am^  aokhowni'  Nor  i  are  are 
afade  to  explain  iBiWthat  manner  thejcrystals 
before  mentioiied  bave  disappefi^edibjat  these 
fiicts  prove  that  the  powers  of  natvie'^aLtpnd 
beyond  the  present  limits  of  science  ;<  aad  it 
is  more  consonanti^ith  the  (trueapirit  of  phi* 
loeopby  fnuikly  4:6  aoknoivledge  dlinigpoianoet 
liian  to  form  .  systems  if fOm  impssfeotidata^ 
i^hielr  can  only  seftvetd  perpetuatdtenbrtuj.; 
-il  Thefalbwing:]8>a-snntan^jiiaGdottiitrof  3^ 
rodfts  andoiituotionB  in  wbiislt^ha^d&fFerentmer 
talUcoresarei^eneiaMjrJibbnd^^W' '  vj^^^  ■'-■-^ 
Platina  ilnd  tb^Mieosntly  idiscbv^md  m^Us 
icaUedi'pailadittoi^  rbodiutn^  tosteMwrv^  ^  aqd"  iii« 
-dium,^hav6)only:been  discpvercd  in^  the  sands 

}Of:rtYers«  ■:  -»v'    '  .  ■.■;■/■■  '.:.■..*/    *  .i  . 

J f-  i  i  Gold  cind  'silv;er  are <found  ini  primary  -and 
/traQutnon>i0ocksvin  porphyry. and isienite^  anid 
( jmtbs  Ibwest  sand^-stone.  i  Qoild  :bas>been'  o(!- 

casionaliy  discovesedoin:!  co^\aiid  very  abun-^ 
idanily^in<tbe  sands  if.)riven5.  :         '  v-'*- i 

ni  MegrduTy^iB^  founduis^'fillate,  in^tlimetstoqe, 
-andi]n/coaL8trata»:^  :■.  ,.         ...-  .?  ■•■>i:::'   w 
.^iiiJCopperym  primary  and  transition  rocks^iti 
•-poi^yitf  9<  jienite^'  and  pcccisionally  in  aandf 
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stone,  i//'bddMfti^<^;'toMr'^a^VM!  gtbiihd. 
Masses  6f 'iMi^e>'b«i^f  6r'^ny'miikm 
poutJNis'H^ht  aitrfotto^'on'tbe  sarfU^ki 
fbe  ioWrilAr  6f' NVSrth  'Amertcii'  '^  ''*'  '^''  -''• 
*  Iroh'I'tt'feverylWa'AfrddK"'  '  '^"  " 

'^'TlW^n  '^riite,'  gnei^,  iftica-slate,  anft 
slatei   •• 

'  "L^ad' stud  zint,''fh  primai^and  transition 
rocks,  -^tcept  tl^p  and  serpentine;  in  por- 
phyry and  sienite;  in  th^' lowest' 'ktfnd-stone, 
and  occasionally  in  coal  strata. 

Antimony,  in  primary  and  transition  moun- 
tains, except  in  trap  and  serpentine  t  it  is 
also  found  in  porphyry  and  sienite. 

Nickel,  bismuth,  cobalt,  in  primary  moun- 
tains, except  lime-stone,  trap,  and  serpentine. 
Cobalt  and  nickel  also  occur  in  transition 
mountains,  and  in  sand-stone. 

Arsenic,  in  primary  and  transition  moun* 
tains,  and  in  porphyry. 

Manganese,  in  primary  and  transition 
mountains,  and  occasionally  in  the  lower 
stratified  rocks. 

Molybdena  and  tungsten,  uranium,  and 
titaniun),  in  granite,  gneiss,  mica-slate,  and 
slate.  The  latter  metals,  with  chromium,  co* 
Inmbium,  ceiium,  and  tellurium,  are  very 

rare 


the  inftta}Iic,3t4te;>$rii;fa^ .great  difficuUy »,..,,.}/ 

Soin^  inst^cesace.  kiM^Mrp.of  metric  ?^iQii 
being  farmed  in,li^/ffjit^j;s,.#v9ljcafjqes,,ji\^ 
cording  to  Brw44;»  <|h^rje, » ,a|i^.andien^.gf Id 
i»^  in  the  Jblan^.pf  Isctviai|,^fbe,vh9leT'(^ 
which  island  is  entirely  volcanic.  The  n^Q, 
0^  va^jfcui^y  at  Quanpa  X^ic^,;^  ip(,^^,pi;a^r 
of„^  volcano, ,  .5;bfi,gpl4,  tp^  ^n^^^gy?^}^ 
9k»  in  a  .volcanic;  ?i^er.,-  .  ^^.f.,,,-   ^„p  ,^^^^ 

According  to,%e  idbciplef  of  i){|r^^pcx^^up;tjc 
^^%'^  npl;,«»^tf ii%<i}i^.f  .F^'?^  ift,%jBy)re 
K;m^rUbtl^,,.»s J^M^.is.  a.i^ery  abi^^^^  r^pV 
and  is  traversed  bj.yeins  oiT  qpuctz.,,  .It:;alao 
alternates. with  and  .graduates  i^psibly, ,i)ifto 
sl^te ,  and.  gray,  .wack,e,  the ,  mqst  raietalUferoKis 
roqks.  This.  qBfer?  a  further  proof,  if;  any; 
were  wanting,  to  what  I  have  stated  in  the 
nj^ii^^  chaptf|r,,|J)fit  the  natpr^  of  joq^s  .ii^flu- 
ences  the  quality  and  .(juftntity  fif  }^  OKCfi 
tfjgy, .contain^,.,  How,M:i:,  W^rnef^^jblj^'l^ 
ci^j^es  coj^ld  jjio^|l;j>fiif-.ey^  Oft^.thi^jpjb^ifjpMS 
&ct,  appears  truly  astonishing.  I^i^  j^f^uect 
ap(l^de^9p^3tivj^,,|)ijropf  i)f  the  faJUaicy  jof  {^he 


.     ■       i  •  t 
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kut  the  ooafidenty  not  to  say  arrogant,  manner  in  which  it 
has  beeii  supported,  considering  the  preposterous  claims 
which  it  makes  on  fff  credulity,  is  truly  ridiculous,  and 
will  form  an  amusing  page  in  the  future  history  of  science. 
The  Hhistitj  will  9M  preservM  froiti'^oblivion  embalmed  in 
its  own  absurdity.  As  an  instance  of  the  data  which 
|iir.  W.  assumes  9a  undoubted  fiicts,  take  the  following  :^ 
^  In  recapitulating  the  state  of  our  present  knowledge,  U 
is  obvious  that  we  know  wiik  certainty  that  the  floetz  and 
primitive  moant»ns  were  produced  by  a  series  of  precipi- 
tations and  depositions  formed  in  succession ;  that  these 
took  place  from  water  which  covered  the  globe,  existing 
always  more  or  les^generally,  and  containing  the  different 
spbstances  which  have  been  produced  from  them.  We  are 
also  cerlain  that  the  fossils  which  constitute  the  beds  and 
strata  of  mounuuns  were  dissolved  in  the  universal*  nfs^ 
ter."  n ! — Theory  of  Veins^  English  translation* 
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FjKtmniena  preceaing^jand  attending  Eqrtfiqmkes, 
— t/idr  I^Jf^^o^^^pf'Wgs  and  Lakfs — on  Land 
— their conncct'wi with  difitant  Volfaiwcs-rr^norq 
sererelyfelt  in  3fauntainpu$)  Caut^rieii  than  in 
Plains. — Indications ''^iff'  their-' CoMe.^^^Volca^ 
noes. — PfuefUmtPio'  preceding  an ' '  Eruption. — 
Duration  and  Intetvals  of  Volcanic  Eruptions: 
.—Subnmri?ie  Vblcafwes.  —  Eruptions  of'  Mud 
afid  /Voter. — Number  of  active  Volcanoes. — 
Source  o/'  Volcanic  Fire  deep  below  the  Surface. 
— Opinions  respecting  it. — Hot  Springs. — Mag- 
nitude of  aricicnt  Vokaiioes. — On  their  UtiUti/ 
in  the  (Economy  of  Nature. — Volcanic  Pro- 
ducts— solid,  fuidf  and  volatile. 

Accustomed  to  %'iew  the  hills  in  our  own 
country  in  a  state  of  profound  repose,  pre- 
senting the  same  unvaried  outline  in  each 
succeeding  year,  we  can .  scarcely  conceive 
the  possibility  of  a  whole  district  being  co- 
Tered  with  new  mountains  and  another  soil 
in  the  space  of  a  single  night.  Yet  such 
changes  have  been  produced  by  the  united 
agency  of  earthquakes  and  volcanoes  withiii 

ths 
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tlie  limki  of  audientic  bistoiy .  I  must  rder 
llie  reader  to  the  works  of  Dolomieu,  Spal- 
kmnm,  Sir  l^^Uautf  HaAiltfM,  Humboldt, 
MMietber  tniTeller»  who  have  atte»tiv0ly^ 
aniaed  volcaoic  countries,  for  a  descriptioa 
cf  these  changes.  The  present  chapter  wfll 
be  confined  to  the  effects  more  particulail^^ 
indicative  of  the  connection  between  earth- 
qnakes  and  Toloanoes,  and  the  circumstancet 
which  may  elucidate  the  cause  of  these  awfhl 
phognomena.  -    ' 

^  Earthquakes  and  volcanoes  may  be  consi-^ 
dered  as  different  efiects  produced  by  die 
agen<^  of  subterraneafi  firtf*  They  frequently 
accompany  each  other ;  and  in  all  instances 
that  have  been  observed,  the  first  eruption  of 
a  volcano  is  preceded  by  an  earthquake  8f 
greater  or  less  extent.  Volcanoes  do  not 
make  their  appearance  in  every  country  where 
the  shoi'k  of  an  earthquake  is  felt :  but  earth- 
quakes are  more  frequent  in  volcanic  distrietir 
than  in  any  other.  Earthquakes  ftre  almost 
riways  preceded  by  an  uncommon  agitation  of 
&e  M  aiers  of  the  ocean,  and  of  lakes  Springer 
^atd  forth  torrents  of  mud,  accompanied  with 
a  disagreeable  stench.  The  air  is  generally 
iialm,  but  the  cattle  discover  much  Alarm, 

and 
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and  MMB  to  be  imtinctively  anma  vi  n^ 
pnMching  calamity.  A  deep  ramUni^  noise, 
liice  tbat  of  carriages  over  m  Mitgh  fiaiwiiMtt, 
«-«•  rujsbing  souod  Uke«wifidrrn0r  a  tnoaeD- 

* 

Ams  explosion  like  the  discfaacge  of  artittaije» 
aamediately  pneoede  the  shoek^  which.'aiid» 
dfenly  heaves  the  grouad  upwards,  or  toaiei 
it  from  side  to  side,  with  violent  and  sao 
ces^ve  vibrations.  The  shock  seldom  lasts 
longer  than  a  minute;  but  it  is  frequentij 
succeeded  by  others  of  greater  or  lest  vio* 
lence,  which  continue  to  agitate  the  surface 
o£:the  earth  for  a  considerable  time.  During 
liiese  shocks,  large  chasms  and  openings  are 
made  in  the  ground,  through  which  smoke 
and  flames  are  seen  to  issue :  these  sometimes 
break  out  where  no  chasms  can  be  perceived. 
More  frequently  stones,  or  torrents  of  water, 
ore  ejected  from  these  openings.  In  violent 
earthquakes  the  chasms  are  so  extensive  that 
large  cities  have  in  a  moment  sunk  down  and 
for  ever  disappeared,  leaving  a  lake  of  water 
in  the  place.  Such  was  the.  fate  of  Euphemia 
in  Calabria,  in  l638,  as  described  by  Kir- 
cher,  who  was  approaching  the  place  when 
the  agitation  of  the  ocean  obliged  him  to 
land  at  Lopizicum :  ^^  Here  (says  he)  scenes 

X  of 
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<d  rmn  weary  where  appeared  .aroQnd  mar, 
Jwt  my  attention  was  quickljr  <  turned  imm 
jxiore  remote  to  contigooos  danger,  by:;  a  de^p 
runvbling  sounds  which  erery  mament  ^gww 
louden  The  place  ivhere  we  ;  stood  sbook 
HEBOSt  dreadfully;  a&er  some  time,^  the  tso- 
lent  paroxysm  oeasing^  I  stood  up,  andi tunn- 
ing my  eyes  to  look  for  Enphemia^  saw  only 
a  frightful  black  cloud*  Vfe  waited  tiUbk 
had  passed  away,  when  nodiing  but  a  diawQ 
4ind  putrid  lake  was  to:  be  seen  where  tke 
loity  once  stood.^'  /p 

The  extent  to  which  earthquakes  produo? 
^sensible  effects  on  the  waters  of  springs  and 
lakes  in  distant  parts  of  the  world,  is  truly 
remarkable.  During  the  earthquake  of  Lis- 
bon in  1755,  almost  all  the  springs  «nd)  Jakes 
in  Britain  and  every  part  of  Europe  were  vio- 
lently agitated,  many  of  them  throwing  up 
¥(md  and  sand,  and  emitting  a  itBtid  odour. 
The  nH>rning  of  the  earthquake,  the  hot 
springs  at  Toplitz  in  Bohemia  suddenly 
ceased  to  flow  for  a  minute,  and  then  burst 
forth  with  prodigious  violence,  throwing  up 
turbid  water,  the  temperature  of  which  was 
higher  than  before :  it  is  saki  to  have  con- 
tinued so  ever  since.  The  hot  wells  at  Bris- 
tol 


tot  rwere  coloured  r^d,  and  rendered  unfit  for 
use,  for  soma  months  afterwards,  l^mn  the 
dtstaat  waters  ofLake .  Ontario  t^  in  llforth 
America, r  were  viokntly  agitated  at  the  itiocie. 
These  pfaaenomena  offer  proofs  of  subtenra^ 
nean  communicatiocis  under  a .  large  portion 
flf  the  globe ;  they  also  indicate^  that  a  gsMt 
quantity  of  gas  or  elastiisi'  vappur  was  sqd« 
lienly  generated  and  endeavouring  to  escape. 
From  the  fietid  odour  ^roelved  in  some  /situfr* 
tionsy  it  may  be  inferred  that  this  gas  i^ 
hydrogen  or  sulphuretted  hydrogen.  In  other 
instances  it  mrf^.  be  st€»iii,  which  condensing 
Again  would  produce  a  vaouumy  apd  occasion 
^le  external  air  to  pres^  downwards;  which 
^aa  been  observed  in  mines  immediately  after 
tha^shock  of  an  earthquake. 

ilThe^space  over  whtf^h  the  vibration  of  the 
dry  ground  is  felt  is  very  great,  \)ixt  generally 
wider  in  one  direction  than  another;  and 
3vhere  a  succession  of  earthquakes  has  taken 
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*  ft  k  the  opinion  of  some  travellers^  that  the  lakes  of 
Moi^b  America  were  once  the  immense  craters  of  antient 
volcanoes.  It  has  been  observed  during  many  earthquakes 
in  the  Eastern  States  that  the  subterranean  noise  and  mo* 
tion  appeared  to  commence  from  the  Lakes,  and  proceed 
towards  the  Atlantic  in  a  direction  from  the  north-west. 

X  2  place 


place  in  thqi^medUtrict,  itU  qb^rvc^f^^Mt 

tJbueiDpi;^  and  shock  approach^f^ofx^  ^e  ^a^ 

•  •       ^  - '    ^    ■    •    -  .i- 

ijuajict^r^  It  h^  been  befpre  men^Qiji^  tl^ 
^ftj^quakes  are.  most  freqijient  iq  yp^lc^an^ 
dist^ct^  but  the  3troke8  f^re  pot  t^e,  m^ 
^oloQt  ii».  the /.mmediate  vji|ciqi|ty.,of^  ypj^ 
noe**;  Onjthe  CQ|i|;rary,  tbey  ^J^j^tf(fngel^jn 
tl^e  mfi}^  dist9nt,paTt  of  a  volciinjic,f;oiunti^. 
XJ}e:gr9uad  is  agitated  y^'ith,  gr«?M^  fopfg^ 
^^f^i^sunfuce'has  a  sm^ler,nu!mfberr,9^^  ^g^r 
J^fpa  pomiqunicating  ^iv^ith  the  Uf^eiyi^Mr. .  ^\^t 
IS^esi)^u4;  Messina,  at  th^  :$3ot^  fl^Qto]^ 
JW^Uypgu^hua,  earthquake^  arerOnly^ijlifcsMj^ 
9«5bfiPf  WPBrP  f^^*  f\ame^.do,«ot  i^su^frg?) 

^Va}i€^  l??^Viei  witfe  ^i&tant  v^kimoes^T^q^T  tlj^ir 
jfraqi^ncy  at  particular  periods,  J ^ra  ^^i^y^f^ 
^%ris9;l^le<{:  About ,  the  middle  oi^^'^erc^ 

JSSftt.i^'y^  :M^v  -the^  eart^tf^l^,aj^^^l|*li>fl«, 
^^^Ml^j.AfrkaKftnd  Anjierica. werfr  fqn  ^^ 

i>ie*>#i»fe  \Mhipli  9Mky  be  s^^:  by,;?9ferf^ngH^ 
Ji)jjpft40,;^  j^taljB  of.  .prP^\^n4;  ^ppe^j jb^ig^gfety 

?^rH — -'■'■■'ini'ri '^"i'  u.'  iijJii'j  '/iMmiBnuiUiU  It' 

h!  ;.   ■  •  Humboldt, 

cording 
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tJdrdrrt^  t6  Humboldt,  sOmfe  ttP  tW**4tJst  tfe- 
itiklrfdoiis  eaythquakcJs  and  vdleahic  cli^U^tiohs 
ever  fettttnled  irt  hiStoi^ywefe^  witnessed  in 
Mfeico.  In  the  night  of  the  19th  of  Septetabfer 
1759  a  vast  Volcano  broke  out  in  d  lofty  buiti- 
Vated  pfain,'  a  trattof  grttund  more  than  t^rfi'e 
ihilei: in  extent  tbsd  up  like  a  bladder  to*  the 
tefight  df  five  hundred  and  twenty-fotar  feet, 
ihd  six  new  mdtmtaitts  were  formed  higher 
tbAta  the  Malvern  hills  in  Worcestershire. 
More  recently  (in  1812)  the  tremendous  earth^ 
(^akes  in  the  Caraccas  were  followed  by  an 
eruption  in  the  Island  of  St,  Vincent's,  from 
a  volcano  that  had  not  been  burning  since 
the  year  1718,  and  violent  oscillations  of  the 
ground  were  felt  both  in  the  islands  and  on 
the  coasts  of  America.  It  may  be  inferred 
from  these  circumstances,  that  the  cause  of 
earthquakes  and  volcanic  eruptions  is  seated 
deep  below  the  surface  of  the  earth.  During 
the  earthquake  at  Lisbon,  nearly  all  Europe 
^nd  a  great  part  of  Africa  felt  the  shock 
more  or  less  severely :  its  effects  were  even 
sensible  across  the  Atlantic.  It  is  observed 
also  that  earthquakes  are  more  severely  felt 
in  mountainous  than  in  low  countries.    This 

might 
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xflight  b#  expected  from  the  structure  df  the 
earth*.  In  alpine  districts,  the  primary  moton* 
tains  are  not  pressed  with  the  incumbent  mass 
df  secondary  rocks,  and  in  such  situations  the 
rel^stance  to  a  force  acting  from  beneath  will 
be  much  less,  as  all  the  weight  of  secondary 
rocks  is  removed.  In  very  violent  eaiitht)uake!si, 
thfe  secttndarjr  strata  are  bfoken'br  agitffteil'j 
but  p^oofe  are  not  wanting,  of  lessei*  iibratioto 
biding' st'6p|Jed  by  their  pressure.  HtmiboMt 
sayi^,  hri  hds  seen  workmen  hasten' from  f^ 
fnmi^fe  of  Marienburgh  in  Saxony,  ^Arrttedfrf 
agitations  of  the  earth  that  were  not  felt  ht  the 
surface.  During  the  earthquake  at  LTsbbn, 
the  miners  in  DerbyShird  felt  the  rocks  moft^, 
ahd  heard  noises  which  werfe'  scarcely  jfnftN 
cetred  by  those  above.  That  an  eipaftsiVe 
force  acting  from  beneath  is  the  pi*6i:imate 
catlse  of  earthquakes,  can  scarcely  bfe  dbtiied ; 
ahd  the  prodigious  power  of  steam,  wWin 
Sttddemy  generated,  seems  equal  to  their  pT*o- 
dtietion,  if  the  quantity  be  sufficiently  great. 
It  is  said  that'  a  single  Jrop  of  w^tcr  falRitg 


'■^-  « • . 
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♦  Sec  a  paper  on  earthquakes  by  the  Rev.  Mr.  Mitchell, 
PhibiophicanStasactions,  [759.  v    -  .  i.:  . 

^^^'•''  .  •       ■    -into 
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into  a  furnace  of  melted  copper^  Mrill  blow 
up  the  whole  building*  Now  if  we  conceive 
a.  current  of  subterranean  water  to  find  ac* 
cem  to  a  mas&  of  lava  many  miles  in  ex-, 
tent,  and  most  intensely  heated,  it  would 
produce  an  earthquake  more  or  less  vio-^ 
lent  in  proportion  to  the  quantity  of  steam 
g^ierated,  and  its  distance  from  the  sun 
&ce.  When  the  hydrogen  gas  lately  ex^ 
ploded  in  a  mine  near  Workington  in  Cum- 
b^land,  .a  shock  like  that  of  an  earthquake 
wpB  felt  by  ships  in  the  river  at  two  miles 
distance. 

The  horrid  crash  like  the  rattling  of  car- 
riages, which  precedes  earthquakes,  is  occa- 
sioned I  conceive  by  the.  rending  of  the 
rocks,  or  parting  of  the  strata  through  which 
the  confined  vapour  is  forcing  a  passage. 
^VoXiCANOiES  are  penings  made  in  the 
carth^s  surface  by  internal  fires;  they  regu* 
ladyy  or  at  intervals,  throw  out  smoke,  va* 
pour,  flame,  large  stones,  sand,  and  melt^ 
stone  called  lava.  Some  volcanoes  throw  out 
torrents  of  mud  and  boiling  water.  Volcanoes 
most  frequently  exist  in  the  vicinity  of  the  sea 
or  large  lakes,  and  also  break  out  from  unfiai- 
thomable  depths  below  the  surface,  and  form 

new 
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Qewaslaiids  and  rtefe  of  roc^  ji^Wbiui  ft  v^ 
eano  breaks  >oot'  in  ^  new:Bitaatiabfjcil;>i»|me» 
ceded  by  v^enteanhquft'bes^cthe^iieatddwv^ 
fiUje  of  the  grcniiid  frequently  swells  oM 
Iwa^ed  uf(^  untile  fijisuns  oTi^atJ'u  foriMnl^ 
sometimes  6f  vast  ^extent.  TbroughithiBifptiH 
iagiOTmaseHiO&  rock  with  flaras) '  snioke  -  wid 
lan»  are  tlirowo  oat^'aoid  cibokejopipart  o£  the 
pnsuyage^^dnd^cimfioe/tliereruptionnMii  tuustof 
mcrasperiares,  -round  ivhidi  c9iiio»lit{ill8ibir 
BiOMiitoitis '^e ifbisiedj  Tiie^psmo4Hty  .im  tfas 
cantM  iajoatted^theentieni  iThe  indfaNdMRp 

•  T 

tf f4m<a]f)t)itoacbmg.  Bfttption  from .  va»  denntaot 
fE^lenria /am  rsn$i  injdreafle^of  sitaotteifeikiii/ltiM 
MOimit^  wfaiobi^oipetiteu  nsbvjftdi-a^  ¥Wt 
height^)  branching  tiO' the  fonpidiiti^infeifetoe/ 
Tcefpeoddtts  Mplodicmsvi  like  t^dbevfiringiiaaf 
wtillery y ;  i  komneaca  ^  i  after )  tfaie^  anoiieasei  sif 
airoke^  dmd  t  ifire  i  succeeded)  i  by  iedMZ9louhsd 
flameeand  elMiwers-of  stoneiBuiiAt ien^thl'Khe 
kf^a  flowft<Kift]fromntbe  top*  of  the  crateB^w 
hfi(*kiilhfKMigb  theisidee.of  the  mountainyjanil 
QWEefTattijS  fiitigbbwindgicf)lairisiiis^bL!ai6ltBd 
fJtoUBf^  whiohi  becoimmg  rccmaolidtttedj  lioindr 
asaliony^  mas^tiofteajnoutdeBs  dMUBiBORie  ^bcm^^^ 
dned  equamiaiWiaekXfOfe,  jQiidiffi 
inglihickoeafij  rTheiUSipt^Qiv^fi alalia  basilifietf 
roij  known 


known  ^  to  idtfntiaiie  nerenA^  mdMfask  nhAm9tiy 
fafock  cloudsiCoiDposeiiiQf  »  knnd  of  datknco^ 
loured  saikd  for  pmrfJer^itiinpitoperlvi  tetted 
iidiesy  are  throw  nt  out .  o£  the  cratert  after^tbi 
Itnra  ceasos  to  ^ow$;  and  sometimds  iorok^  ^U 
•tifrouoding^  (lOOuAtrjs  i9>  total  darknesanat 
iKMiD*day»! 'Towards  tih&jcoi^usioiv.the  oolqu 
ofithe  Tolcanic^sand)  dhangas^  ta  Mrhitie  rit  etm^ 

Icfae  tqiiantityotfarowa  lOut  is  .amnetkiica^  linv 
Sibnae.  :f  Donng^ciub  etfafittoti  :^ -JB^buajpn 
«pac0>0f'0oei»handrfslr«Kk'(fifty^  inricod 
tukrwas)  covfiied  wkfaL^aiatralnitD  of  tjjiisrnrti 
tfttelvefeet'ihodu  :^?(Qu3nitiielaffaftcwa)fresl^ 
th^^  earthqittkes  aadnJ^tploi^iona  becomcrfeaa 
\9oient  ;i(;uihitdii  ifirat^aitjtbai  rttttgjr.nrerQjdQcati 
aipngd .  iby odhe  ^oofafuiemeniq  of  t4w)ij€nipteil 
ttwtterboiji  gal9e(mstand>'a(iiidj''oTh^/sayaJ08 
^iidiini(iiMir^f)fvvolclafliDea'.<8tft  laghlj^ttleQtoioalr 
ddThb  j^oo^  {)feriod^o£»jMiseiJwh(ioh  knaebmefe 
takes )  placet)  J  between  '5tivoaenlplMna//oK  4te^ 
miievDnailcano  ^^is  if»arttetibuijii:4fl^iibrkabtei 
ikotQi  the  Jbraiktingqof;:RoaB»  ili)^^^  %QtlhyertXi 

ViBsavijas^jihan^  vk^badnenridtoitlrbeaniaKflB 

pfiiMr/ata&y3(ifijatttiyitjv'dsiHeecnl»^       ttaxb 

Jbmjpesi^  siwhoweieit^fSBinigrid  bjfF^^ci  iridlfK 

'r«o.,>  tion 


314  VOMANOXS. 

tiomof  that  jFcar^  are  paved  ^thiiava^  iFrom 
thetiiUth  to>  the  l6th  c^atury  itrematned 
qnietribr  nearly  lour  hundred  years^  and  tha 
ciater  was  ovefgipwn  with  lofty  tffees.  Id  wafi 
dmcended  by  Bracchini,  an  Italiaa  writef^^ 
prioc  'to  the  great  cruption-of  li63l:  tha 
bottotti'Was  at  that  ;tinie  a  vaai  plaia  i^tu?^ 
rounded  hyicaverns  atid  .grottoef^..  iCtna 
baa  eontimied, burning  ^qce  :the  time  ot-^^e 
l^oet  Pindary ^with  oceaskiiial:^iiptervaia;of  ^c^f 
pose  a€ldQ0Lexceedii»g:thii'ty  or  ..forty  Tyean* 
^  .The  eruptions 4^. tiia  P€ffl(fOf  Traierifie  bav^ 
been  very  raj^  dufiag^  the^^Mt  ;twot  centunea^ 
Recording  I  to  Humboldt^  'f' the  iong  intervals 
oC^ref^ose -appear^  to  ebaim^terizph^vwil^aQoes 
higUy  ele^^tedl.  Strpmboli^  >which  is^opeiof 
the  lowest,  is  always  burning. -iEhe  efuptions 
of :  Vesuvius  ate  rarer^  but  still  more  frequent 
tltaa  those  of  ^na»  rTbe  colossal  auntpoits 
of :  fthe  Andes,  Cotopaxi  and  Tungun^ua 
scarcely  h|»ye  pn  irruption  oQce  in  a.ceDtary> 
Theripe^  s^^^medl  to  bp  extingui«hefl  f^ 
««wtyH»wQ  y/ears^  ^bep  itniade  its  4a6t  artip- 
UtfP  rby  a  .lateral'  openi^' in Ti798.  .Jn  4his 
interyaL'tVe^uitfiaftirhad  sixteen  .  ernptioiis^" 
The  gr^at^t  eruptions  pf<.  Java^fEomr'iStfta 
afid  Vestfvias  rar&:ahmys<  from/  the  sfdeisrof 

these 


tltese  moutftaiiris-;  but  these  lateral  cns{slionm 
firrt^^byati  ejectildt^of  fl^besarid^amesfrom 
tb^  cffater  at  the  sumtait  of  tbe  moantainw^ 
Iti  the  peak  of  Ten^riffe,  this  phaeooinenon 
ht»  not  taken  ^  place  for  BgMi;  and  in  ^  rau' 
ctfkt  gneat  eruption  of  1798  the  icmter  jre«^ 
mttined  inactiTe,  nor  did  ita  bottom  SaHiM  <  i 
-Submartfie  vdc^inoes  are  'preceded  ^  by: « 
violent  boiling  and  agitation -Joif>4lief  iwattav 
aftd  by  the  discbai^  of  vohtmes'sal^  g^  tuid 
vapotir,  which  take  fird  Md-'itollm'sbeetsof 
fliMie  o?€$r  tbe  idutfkct  of  the  if^avtov^  Masses 
of  rock  are  darted  throaghi  the  -water  Mfith 
great  vi6lene6/afid  accumulate  till  they  foMi 
n^^  iglands^  -  Sometimes  tbe  crater  «f  the 
volcano  rises  out  of  the  sea  during  an  evop* 
tion .  In  1^835  a  iiubknarine  volcano  broke 
mt  near  Iceland,  trhich  formed  a  new  island; 
tt'-ragtsd  with  greaf  fiiry  for 'Se Vera!  ittontbsi 
Th^  i^lsf&d  afiterwardi^'  sisnk,  leaving  otAy^A 
reef  of  rocks.  I»  !DeoeMbef  1720  ac  vicilent 
earthqtiake  was  fehi  at'  Teniera,  cMe  of'thb 
Atores^'  thd  nMt  diomihYg  a  new  island  mne 
ibiles « in  ^rctimfertfn<;d  was  seen,  from  :  the 
centre  bf  which  ro6e  a  column  of  timoke:  it 
afberward)^ 'simk  to  a  levd^with'the  sea*  A 
small  island  was  formed  in '1811  hyd  snb^ 

marine 
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marine  i^ofcatioht  a  little  distancte  frdin  St 
MicI^erS)  'one  of  the  Azores:  it  was  k^txtii§t» 
of 'black  rock,  described  by  the  Captkin  of 
th^  Sabrina:  fri^te;  who  witnessed  its  for- 
toktion'to  be  equal  in  height'to  the  high  Tor 
at*Matl6tk.  A  gentleinan  who  visited  •tfiii 
Azores  it)  1813  infbi^s  tne  that  it  had  siitik 
down  arid  disappeared : 'there  is  now  eighty 
^hom  ^kter  in  the  place. 

Near^^Sahtorini,  in  the  Graecian  archipfe- 
lago;  submarine '  voYc^noei'have  i^epeatedty 
burst  forth  during  th6  last  two  thousand  yeai^, 
and  formed  sev'eral  new  islands :  three  of  ihb 
ancient  eruptions  are  recorded  by  Pliny, 
Strabo,  and  Seneca.  The'  last  eruptibn  was 
in  the  year  176?. 

If  the  sea  or  large  lakes  have  once  covendfi 
our  continents,  the  greater  part  of  the  pre- 
sent and  ancient  volcanoes  were  once  sufy- 
marine.  I  am  informed  by  Mr.  Leckie  that 
calcareous  strata  with  organic  remains  rest 
on  beds  of  volcanic  tufa  on  the  western  side 
of  Sicily,  and  decline  towards  the  sea'.  This 
indicates  that  the  volcanic  fires  in  the  vicinity 
of  iEtnaonce  raged  under  the  ocean.  Almost 
ail  the  new  volcanoes  on  record  have  broken 
out  from  imder  the  sea. 

Some 


Ik 
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.  Sp^ne.  volcanoes  ia  J&urope-  apd  ..xni^jir  .m 
the  ^des  throw  out  BqiM!i)us  :|;oFre])t9^  }^?flt 
-niixe4  .With  mud  apd  atoiv^s  ;.  indeed^i.ftbe 
4^niericaQ  voU^anoes.  more^^frequeatlj  ;j^^^^ 
jfnud  than  lava.  ,Eri:4)tioiw  of  »rat^.jfr^ 
ajjid  Vesuviu3  are  jar^,  find  some  M[hji^f||  ijave 
^^n  desdribedafr  flowing  frop^be,qr^ 
the  former,  havej^een  mer^^y.  t^^tppfe^ts^of 
melted  water  from  snow  op,  its^pugj^wJ^,^^^^  Tfh^ 
volcano  of  Mae^luba  in  Si^^^^pjre^nts-^he 
ph^i^mena  oi[  inud#,,^ater,  aiji^^tt^jj^fg  thrc|iyj| 
out  of,  ^the  crat^^ ,  F^fur^^  dj^scrihe*  jitp 
i^rming.pruplbnjVijpl  topjt^,,pi^ce.  o;|  t^ 
29th  of .  Sept^inber  1777  •  "  Pfe^ul  nigtUps 
were  he^fji^  all  rounfjji^  and  frpo*  the  mi(J^t,of 
the  plain,  in  which  was.  formed  a.  ^  \^t  ^gulf» 
an.  immense  column  of.  mud.  arpse  ijo  i|;he 
]),eight  of  j|Lt}out  pna .  hundred  feet^  whi^h 

!!ift  appe^^c*/ of  ,a  li^^,tx,^e„at ^th^^^ojp. 

^^e. darted  viole^%j^4;.,y^ft^9all^^j«{{i^ip 
ti?if  :My  of. ,th.e,  a)|f»pi>f, i.,,Jh^^ 
{Jo8ion,la5te4  h»lfi,  aft , .Iwur*  i'^t'^n  '\SM9^^^ 
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till  ikB  day.  Durwg  liie  time  of  this  f^faae- 
^menon  a  pungent  odour  of  tsulphufeOMl 
diydrogen  gass  was  perceived  at  a  great  di* 
Aance',^  to  the  surprise  of  the  inhafaitants^  vtko 
did -not  dard;  to  appvoach  this  spot  0ft4U> 
•count  o£  the  horribla  noises.  But  many  came 
die  following  day,*  and  found  that  the  nev 
^reat  oitfice  had  ejected  several  streams  of 
^uid  chalk  (creta) ;  which  had  covered,  with 
<an^  ashy  cnist  of  ^many  feet  ail  the  surround* 
ing^spacey  filling  the  cavities  and  chinks.  The 
iMtrd  substances  ejected  vmm  fragments  ^f 
calcareous  tufa,  of  crystallized  gypsum,  peb^ 
bles  of  quartz,  and  iron  pyrites,  which  had  lod: 
their  lustre,  and  were  broken  in  pieces.  AU 
these  substances  form  the  outward  circuit  at 
this  day.  The  unpleasant  smell  of  sulphur 
Atill  continued,  and  the  water  which  remained 
in  the  holes  was  hot  for  many  months,  whife 
a  keen  smell  of  burning  issued  from  the  nu- 
merous orifices  around  the  great  gulf,  which 
IS  now  completely  filled." 

In  the  Azores  there  are  no  less  than  forty- 
two  active  or  dormant  volcanoes;  almost  all 
the  islands  in  the  Atlantic,  and  many  in  the 
Pacific  Ocean  and  the  Indian  Seas^  are  vol- 
canic. 


eoonca :  A  ^mnge  of  active;  atid  darmant  voU 
nanoes  extends:) from  (the « jontbera  extremity 
of  America  to  ibe  arati^  oirclci  Ninneroiis 
volcanoes  eacist  ia  Iceland ;  aad  tlie  hot  sul- 
fhuffous  exhalatioQft^rfrom  cratera>ia  various 
|nit3  of  Italy  prove  thai  their  internal  r^fires 
WTQ*  not  extinguished.  OjT.  the  volcanoes  in 
northern  Asia,  or  tla^  interior  of  Airicoj^w^ 
have  little  information,  and  (the  i  volcanoes 
covered  by  the  aea  cannot  be  estimated;  but, 
from  the  above  statement,  we  are  authoriaed 
in  ^believing  that  volcanie  fines  are  more  ex- 
tdaaively  operative  than  many  geologists  are 
disposed  to  admit.  Their  source  is  deeper  un- 
der  the  sarface  of  the  earth,  aiui  many  circum- 
stances  indicatejtbat '  a  connection  exists  be- 
tween volcanoes  at  a  vast  distance  from  each 
other.  In  1783,  when  the  submarine  vol- 
<:ano  near  Iceland  suddenly  ceased,  a  vol- 
*  cano  broke  out  two  hundred  miles  distant,  in 
the  interior  of  the  island,  and  at  the  same  time 
the  great  earthquakes  took  place  in  Calabria. 
On  the  night  in  which  Lima  and  Callao  were 
destroyed  by  an  earthquake,  four  new  volca- 
noes broke  out  in  the  Andes.  Other  instances 
of  the  apparent  connection  of  earthquakes 
with  distant  volcanoes  have  been  before  stated. 

Were 
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Were  the  source  of  volcanic  fires  near  the 
surface,  the  country  in  .their  vicinity  would 
sink  down* ;  and  it  is  impossible  to  conceive 
how  the  same  volcano  could  continue  its  erup- 
tions incessantly  for  more  than  two  thousand 
years,  which  is  the  case  with  Strom boli  situa- 
ted  in   the   Lipari   islands.      Fragments  of 
rocks,  such  as  lime  and  gypsum,  are  thrown 
out  of  volcanoes  unchanged   by  fire;   which 
proves  that  the  source  of  heat  was  deep  be- 
low the  range  of  these  rocks :  they  have  been 
merely  driven  up  by  the  subterranean  explo- 
sion, which  forced  a  passage  through  them. 

From  the  various  phienomena  which  vet* 
canoes  present,  we  may  with  probability 
infer  that  the  internal  part  6f  our  planet  is 
eitlier  wholly  or  partially  in  an  igneous 
slate,  however  difficult  it  may  be  to  ex- 
plain in  what  manner  this  heat  is  gene- 
"     ■■    '■  ■ »  I  ■  ■ 

*■  Since  the  period  of  authentic  history  no  great  changes 

« 

have  taken  place  in  the  country  round  iEtna;  but  it  ap- 
pears from  Virgil  that  an  antient  tradition  existed  of  the 
sudden  separation  of  Sicily  from  Italy. 

^^  Haec  loca,  vi  quondam  et  vasta  convulsa  niinil 
Dissiluisse  ferunt :  cum  protinus  utraque  tellus 
Una  foret,  venit  medio  vi  pontus,  et  undis 
Hcspcrium  Siculo  latus  abscidit :  arvaque  et  urbct 
Littorc  diductas  angusto  interluit  «tta/'«- 'iEn.  1.  iii. 

rated 
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rated  and  confined.  In  every  department  of 
nature,  our  inquiries  are  terminated  by  ulti- 
mate facts,  beyond  which  further  research 
becomes  vain.  The  constant  generation  and 
emission  of  light  from  the  surface  of  the  sun 
is  more  inexpHcable  and  surprising  than  the 
constant  generation  of  heat  in  the  centre  of 
the  planets;  but  we  cannot  refuse  our  assent 
to  the  fact,  though  it  is  far  beyond  the  power 
of  the  human  mind  to  conceive  by  what 
means  the  particles  of  light  are  propelled 
through  space  with  such  astonishing  velocity. 
-We  are  too  apt  to  measure  natural  operations 
by  their  coincidence  with  the  received  systems 
of  philosophy,  and  to  make  our  own  igno- 
rance the  standard  of  truth.  Had  all  the 
volcanoes  in  the  world  been  dormant  for  the. 
last  two  thousand  years,  and  were  we  only 
acquainted  with  their  existence  by  the  writ- 
ings of  ancient  historians,  we  should  dis- 
credit the  fact,  and  prove  its  impossibility  by 
an  appeal  to  established  chemical  principles ; 
we  should  further  accompany  the  proof  with 
a  pathetic  lamentation  over  the  credulity  of 
former  times. 

The  descent  of  stones  from  the  atmosphere 
was  denied   during  a  longer  period,  though 

\  the 
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JiieSsLct  k  now  established  beyond  ail  doubt  f 
ikis  should  teaeb  us  to  be  less  con6dent  in 
jt»itr  own  knoitledg^  for  there  are  still  ipemaio* 
hig  ^more  thiiigfi^  in  heaven  and  eartfa  than 
«re  dreamed  of  in  our  philosophy.'' 
'  'Admitting  the  einistence  of  central  fire  in 
the  eartht  it  is  not  (tifficult  to  conceivi^  that 
Aherie  may  be  determinate  causes,  by  which 
its  iotensity  isj  increased  or  diminished  »t  cer-* 
^:lain '  periods.  We  k«ow  little  respecting  the 
.operation  of  electric  <h*  Voltaic  energy  fia  the 
laboratory  of  nature;  but  from  the  existeoee 
of'dectric  light!  at  the  poles  we  may  inifer 
that  electric  current  are  passing  through  the 
earth,  and  are  impoftant  agents  in  many  sub- 
terranean phenomena.  Perhaps  the  different 
beds  of  rock  which  environ  the  globe  may  act 
like  a  series  of  plates  in  the  Voltaic  pile,  and 
produce  effects  commensurate  with  their  vast 
magnitude.  Voltaic  energy  is  capable  of  sup* 
porting  the  mcst  intense  degree  of  heat  with- 
out access  to  atmospheric  air,  even  in  vacuo; 
and  this  for  an  indefinite  time. 

Whatever  origin  we  ascribe  to  subterra- 
nean fire^  there  can  be  no  doubt  that  it  will 
make  its  way  through  the  surface  in  those 
places  where  the  incumbent  rocks  ofler  the 

kast 


least  resi^ance,  or  where  tfaeyare  mntilAi- 
sible.  By  the  access  of  water  to  ^tfabifire^  the 
sudden  evolution  of  steam,  hydrogen -gn;i8nd 
many  pheonomena  of  volcamic  eraplxons,;^^!!! 
admit  of  an  easy  explanation.  Moitof'&ewo 
tive  volcanoes  being  situated  neartbeiwa  or 
great  lakes,  we  may  ibfer'that  wtteflis  in  saiAe 
way  necessary  to  the  producttoii  of  ^volctfUic 
phaenomena.  Boiling  fountaias  and  hot 
springs  may  be  classed  with  voldanic  phsno* 
mena ;  foi<it  can  scarcely  be  doubted  that  the 
Ge^rs  in  Iceland,  which^  throw  up  bolumns 
of  boiKAg  ^water  at  intervals,  to  the  .height  of 
seventy  or  eighty  feet,  are  occasioned  by  the 
subterranean  firea  which  extend  under  that 
island ;  to  the  same  cause  must  be  ascribed 
the  boiling  ibuntains  in  the  island  of  St  Mi* 
rhael's,  one  of  the  Azores*.  The  hot  springs 
in  the  vicinity  of  the  Pyrenees,  and  in  Italy 
and  other  parts  of  the  world,  may  with  much 
probability  be  supposed  to  have  a  similar 
jBOurce  of  heat.  The  unvaried  equality  of 
their  temperature  for  centuries,  proves  that 
this  source  lies  far  below  the  agency  of  4hos6 
causes  which  operate  on  the  surfece.  It  has 
been  remarked  that  hot  springs  are  most 
frequent  io  volcanic  and  basaltie  countri^ 
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Though  no  active  volcano  exists  in  the  Py- 
reiieeS)  a  late  writer*,  who  has  described  the 
geology  of  these  mountains,  says  that  the 
hot  springs  and  frequent  earthquakes  in  dif- 
ferent parts  of.  this. chain  ofier  proofs  of  the 
present  operation  of  subterranean  fire. 
:  The  volcanoes. in  South  America  throw  out 
water  and  mud,  and  stones  of  enormous  mag* 
nitude;  but  for  particular  information  re- 
specting- ihem  I  must  refer  the  reader  to  the 
interesting  deschptions  of  Humboldt,  to  Ul- 
loads' Travels^  and  MoHna's  History  of  ChilL 
The  craters  of  ancient  volcanoes  which  can 
now  be  traced,  are  many  of  them  of  far 
(greater -size  than  any  that  are  in  present  ac- 
tivity. The  whole  of  the  mountainous  parts 
of  Quito,  according  to  I^umboldt,  may  be 
considered  as  one' immense  volcano,  occupy- 
ing more  than  seven  hundred  square  leagues 
of  i^rfdce,  and  throwing  out  flames  by  diffe- 
rent cones,  known  by  tlie  denominations  of 
Coto^axi,  Tungurahua,  and  Pichincha.  In 
like  manner,  he  adds,  the  whole  groupe  of 
the'"  Canary  Islandis  is  placed  as  it  were  on 
one  ^ubi/mrine  volcano*     The  fire  forces  a 

■   1  'l  ■  'ii  ^  4^111        a^  ■  I  ■   ■  A  *  >^  ■     ■  I    ,1        »  ■  I  ■        I        I      m  ■    ■     ^^^i^^^»^A♦^  j * 

.^  *  •  •:  *  D^cripdondcS'Pjtciides^  par  M.  0tdct«  r; 
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passage  sometiine3  through  one  and  some* 
times  by  another  of  these  islands.  Teneriffe 
alone  contains  in  its  centre  an  immense  py- 
ramid terminated  by  a  crater,  and  throwing 
out  from  one  century  to  another  lava  by  its 
flanks.  In  the  other  Canary  islands  the  dif- 
ferent eruptions  take  place  in  various  parts, 
and  we  no  where  find  those  isolated  moun- 
tains to  which  volcanic  effects  are  restrained. 
The  basaltic  crust  formed  by  ancient  volca- 
noes seems  every  where  undermined,  and  the 
currents  of  lava  seen  at  Lanzerote  and  Palma 
remind  us,  he  adds,  by  every  geological  af- 
finity, of  the  eruption  which  took  place  in 
1301  at  the  Isle  of  Ischia,  amid  the  tufas  of 
Epimeo. 

The  Hon.  Mr.  Bennet,  in  his  account  of 
Teneriffe,  describes  the  appearance  of  the 
whole  plain  on  which  the  present  cone  is 
situated  as  a  vast  volcanic  crater.  "  After 
surmounting  the  lower  sides  of  the  moun- 
tain, at  length  an  immense  undulated  plain 
spreads  itself  like  a  fan  on  all  sides  nearly  as 
far  as  the  eye  can  reach ;  and  this  plain  is 
bounded  on  the  W.S.W.  and  S.S.W.  by  the 
regions  of  the  peak,  and  on  the  E.  and  N.E. 
by  a  range  of  steep  perpendicular  precipices 

and 


fl^d  mountains,  many  leagues  in  circuoife- 
rance^  called  by  the  Spaniards  Las  Faldas. 
M.  EiSColar  informed  me  that  the  wall  could 
b6''traced  for  many  leagues,  the  '^' hole  cir- 
Oamference  of  which  evidently  formed  the  aide 
of  aa  immense  crater.  This  tract,  called  1mm 
Qanale$i  contains,  according  to  the  same^u- 
Aority,  twelve  square  leagues.  As  we  lea* 
teP  it'  from  the  S.W.  there  are  to  be  aeen 
aqveml  dedi^ities  of  lava  and  strata  broj&eii 
inwards  towaVds  the  plain,  and  evidently  a 
eMVifnuation  of  the  abovementioned  line  of 
vnyivalid  the  remains  of  the  original  crater/' 
fh%  ccme  of  Vesuvius  is  thus  partly  enqircled 
\bY  the  walk  of  a  much  larger  crater,  of  which 
Mount  Somma  formed  one  of  the  sides. 

'The  other  extinct  craters  and  souffirieres  in 
the  vicinity  of  Naples  are  of  immense  size 
CDiDparttd  with  any  that  are  in  an  active  state* 
The  magnitude  of  tiieir  opening  must  have 
been  commensurate  with  the  ^qoantity  of 
Hiatter  thrown  out,  for  the  craters 'themselves 
ifte^ibnned  by  the  eruptions.  "  ' 

'^We'caniiot  avoid  the  inquiry  Tdspectiffig 
fhe  Use  of  di^se  mighty  ageato  in '  tbe  oeco* 
iwtfiy'of  Datura*  Were  yfe  to  ^^otfsider  tol- 
funic  erafeers  pmelf  asibfr  vm^  ftv ittortial 
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fires»  a  further  inquiry  would  aci^e  Kiqicptiogi 
the  utility  of  these  fires;  for  we  cannot  ^mfi»^ 
pose  that  the  laws  which  govern  the  int^ri^tf 
of  our  planet  are  not  directed  by  the  saim 
design  and  skill  which,  are  displayed  iRitihe 
external  universe.  Now  tlie  only  instwicM 
which  we  have  of  actual  rock.:forinati9n%ri[A 
our  own  times  are^olcao^Q;  and  when. •wo 
consider  the  vast  oumbev  ji^4.the  msLgmtutdm 
of  extinct  and  active  ?olcan(M%.it  wiHnot'^^ 
pear  unreasonable  to  sup|N>se;.tl|at.th«yilNiTff 
b?en  operative  in  fomwig  ithe  original- nviftCii 
rials  of  which  all  the  variou/9  beds  andt^|:i1^ 
that  cover  the  globe  were ,  x^foposod  fr  aii^ 
that  these  materials  have  beeli  siApoesiiiTeljr 
jthrown  out  hj  aqueous  and  igneow  0ruptioM 
in  the  different  states  of  lavH^tsfindtiwui^tfi.Cid; 
and  also  held  iq^  chemical  soiu(iof|iqfnf mecha- 
nical siispenaian  by^  p'tt^m.  ci£hf!iliii(tbwq€#n» 
sideration  of  thUioquiff  will())^i)esiime4ili 
a  subsequeiit  cbapter^  •  ^s^  ^  \  ^miu'-im  »  n^f^o 
Jhe.  subst^^s  4^|niitedj^Oir,>eJBe^^Ni0ii 
volcanoes  are  either  6<4id,  AuicU<  on^ViQlftt^ 
i^mopg  the  ifirut,  we  jlaay»:TOeptionnH|^sj^  of 
rock  ejieet^  at  the  ^  jf^in^ieiioebi^nte^of  r^ 
eruption,  without  ilj^ii^g/flrctedtiBpftP  iby?ftwfe 
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iperated  lava,  pumice,  aDcl  volcanic  glass. 
Lava  is  poured  out  of  the  crater  or  sides  of 
a  volcano,  and  descends  in  currents  of  red* 
hot  liquid  matter,  of  a  pasty  tenacious  con<* 
sistence  like  that  of  melted  ore,  or  slag  from^ 
a  furnace^  The  quantity  of  lava  ejected 
during  a  single  eruption  is  sometimes  inco&i 
ceivably  great.  The  current  which  flowed 
from  JEXnB,  in  I669  is  two  miles  in  breadth; 
fifteen  miles  in  length,  and  two  hundred  feet 
in  depth ;  it  retains  a  portion  of  its  heat  to 
the  present  day.  Ferrara  says  that  in  1809> 
when  this  lava  was  perforated  at  Catania, 
flames  broke  out,  and  it  continued  to  smoke 
at  the  surface,  after  rain,  at  the  beginning  of 
the  present  century,  or  130  years  after  its 
eruption* 

The  following  circumstance,  communicated, 
to  me  by  h  very  intelligent  glass-manufac- 
turer, evinces  the  difficulty  with  which  heat 
, passes  through  vitreous  substances.  When 
the  pot  containing  the  melted  glass  cracks  in 
the  furnace,  it  is  common  to  pour  out  the 
contents  into  water.  A  mass  of  melted  glass 
in  this  situation  will  soon  become  cool  and 
solid  on  the  outside ;  but  the  internal  parts 
VviU  preserve  a  red  heat  for  four  or  five  hours 
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atter,  and  may  be  seen  shining  through  the 
water  when  the  temperature  of  the  outside  of 
the  glass  is  but  sensibly  warm. 

Lavas  have  generally  a  base*  of  horn* 
blende  or  of  felspar.  Compact  lavas  with  a 
base  of  hornblende  have  a  near  resemblance 
to  basalts :  they  contain  a  considerable  por- 
tion of  iron,  and  attract  the  magnet :  they 
melt  into  black  scoriae  with  the  blowpipe: 
they  have  a  dark  or  black  colour,  and  are 
hard,  sonorous,  and  heavy.  > 

Lavas  are  frequently  porphyritic,  and  con* 
tain  crystals  of  felspar  and  mica,  and  crystals 
called  by  mineralogists  garnet,  leucite,  oil* 
vine,  augite,  and  vesuvian.  Many  of  the 
lavas  from  JEtna  are  porphyritic,  and  receive 
a  good  polish.  A  small  tablet  in  my  posses- 
sion contains  thirty-six  polished  specimens  of 
the  lavas  of  different  eruptions  from  that  vol* 
cano,  all  varying  in  colour  and  external  ap- 
pearance. 

Lava  with  a  ground  of  felspar  is  generally 
gray.  Compact  lava  commonly  occupies  the 
central  parts  of  volcanic  currents,  and  porous 


*  The  mineral  substance  which  forms  the  principal  JHirt 
pf  any  compound  stone  it  SBid  to  compose  its  base. 
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and  vesicalar  lava  the  superficial  part.  Hw 
cavities  in  vesicular  lava  vary  in  size  from 
that  of  a  pea  to  a  small  nut :  they  are  round 
or  elliptical,  and  often  contain  a  white  ra- 
diated mineral  called  zeolite.  Some  lavas 
resemble  the  slags  or  scorise  from  furnaces ; 
and  the  upper  parts  of  currents  of  lava  are 
often  vitrified. 

Currents  and  masses  of  undoubted  lava 
often  present  the  appearance  of  distinct  stra* 
tification :  in  some  instances  this  is  owing,  to 
different  currents  of  lava  that  have  flowed 
and  spread  in  succession  over  each  oihen  la 
other  instances  the  apparent  stintification  is 
owing  to  horizontal  seams  in  the  same  mass, 
occasioned  probably  by  contraction  when 
coohng,  and  a  tendency  to  crystalline  ar<» 
rangement.  Volcanic  powders  or  ashes  are 
also  frequently  spread  regularly  over  extent 
sive  tracts,  and  form  beds  alternating  with 
currents  of  lava.  Hence  we  may  learn  tha4i 
stratification  alone  is  not  sufficient  to  disprove 
the  igneous  origin  of  rocks,  which  are  in  other 
reftpects  similar  to  volcanic  products. 

The.JjgUt-coloured  or  whitish  porojus  lavas 
become  fibrous,  and  pass  into  a  light  §p9ngy 
stone  oalled  pumice.     The  island 'of^Lipari 

contains 
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eoBtains  a  mountain  entirely  formed  of  whita 
pHmice :  when  seen  at  a  distance,  it  excites 
the  idea  that  it  is  covered  uith  snow  from  the 
wmmit  to  the  foot.  Almost  all  the  pumice* 
atone  employed  in  commerce  is  brought  from 
this  immense  mine.  The  mountain  is  not  one 
compact  mass,  but  is  composed  of  balls  or 
globes  of  pumice  aggregated  together,  but 
without  adhesion*  From  hence  Spallanzani 
infers  that  the  pumice  was  thrown  out  of  a 
volcano  in  a  state  of  fusion,  and  took  a  glo- 
bose form  in  the  air.  Some  of  these  balls  of 
pumice  do  not  exceed  the  siae  of  a  nut,  others 
are  a  foot  or  more  in  diameter.  Many  of  these 
])umices  are  so  compact  that  no  pores  or  fila» 
ments  are  visible  to  the  eye ;  when  viewed 
with  a  lens  they  appear  like  an  accumulation 
of  small  flakes  of  ice.  Though  apparently 
compact,  they  swim  on  water.'  Other  pu«^ 
mices  contain  pores  and  cavities,  and  are 
cemposed  of  shining  white  filaments.  By  a 
kxDg  continued  heat  pumice-stone  melts  into 
9  vitreous  semi*transparent  mass,  in  which  « 
iiumber  of  small  crystals  of  white  felspar  are 
aeen.  In  all  probability  light-coloured  gray  pu^ 
mice  is  formed  from  felspar  by  volcanic  fires, 
^lack  or  d^rk  coloured  pumice  is  more  un- 
common.. 
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common.  Humboldt  says  he  has  seen  black 
pumice  in  which  augite  and  hornblende  may 
be  recognised ;  he  is  inclined  to  think  that 
such  substances  owe  their  origin  to  basaltic 
lavas  which  have  assumed  a  capillary  or 
fibrous  form  by  intense  heat. 

Immense  quantities  of  pumice  are  some- 
times thrown  up  by  submarine  volcanoes.  It 
has  been  seen  floating  upon  the  sea  over  a 
space  of  three  hundred  miles,  at  a  great  di- 
stance from  any  known  volcano ;  and  from 
hence  it  may  be  inferred  that  submarine  vol- 
canoes sometimes  break  out  at  such  vast 
depths  under  the  ocean,  that  none  of  their 
products  reach  the  surface  except  such  as  are 
lighter  than  water. 

Obsidian  or  volcanic  glass  so  nearly  re- 
sembles lumps  of  black  glass,  that  they  can 
scarcely  be  distinguished  by  the  unpractised 
observer.  Its  broken  surface  is  smooth,  con- 
choidal,  and  shining :  the  most  common  co- 
lour of  obsidian  is  a  velvet  black.  The  thinner 
pieces  are  translucent.  It  is  harder  than  glass, 
and  strikes  fire  with  steel.  It  is  common  in 
the  neighbourhood  of  volcanoes,  and  in  some 
basalts  which  are  most  probably  the  products 
of  volcanic  fires  now  extinguished.  In  Lipari, 

onq 


OBSIDIAN.  333 

one  of  the  volcanic  isles,  the  mountain  de  la 
Castagna,  according  to  Spalanzani,  is  wholly 
composed  of  volcanic  glass,  which  appears 
to  have  flowed  in  successive  currents,  lijce 
streams  of  water  falUng  with  a  rapid  desceht 
and  suddenly  frozen.  This  glass  is  sometimes 
compact,  and  sometimes  porous  and  spongy. 
Obsidian  appears  to  be  lava  suddenly  cooled : 
if  a  mass  of  lava  or  basalt  be  exposed  to  the 
heat  of  a  glass  furnace,  it  melts  into  a  shining 
black  or  greenish  black  glass.  Numerous 
veins  of  obsidian  are  said  to  intersect  the 
<:one  of  Mount  Vesuvius,  and  serve  as  a  ce- 
ment to  keep  together  the  loose  materials  of 
which  it  i3  composed.  Obsidian  is  sometimes 
ground  and  polished,  and  used  for  mirrors. 

On  the  elevated  plain  which  surrounds  the 
conical  peak  TenerifTe  there  are  masses  of  ob- 
sidian, which  graduates  into  pitch-^tone,  con- 
taining crystals  of  white  felspar.  On  the  south- 
west side  of  the  peak  there  is  a  stream  of  vi- 
treous lava  or  obsidian  several  miles  in* length. 
Colonel  Imrie  describes  a  cement  of  lava  in 
the  island  of  Felicuda  intermixed  with  obsi- 
4ian,  which  had  been  flowing  with  it^  and 
now  formed  part  of  .the  congealed  stream. 
In  some  parts  the  obsidian  is  seen  losing  its 
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brilliancy^  and  passing  inta  gtanular  tav«^ 
wfaidh  becomes  similar  in  colonry  fracture^ 
and:  texture  to  the  other  parts  of  the  stream. 
JIV%ere  the  obsidian  appears  in  a  state  of 
periact  glass,  it  is  very  near  to  where  it  has 
been  first  ejected  from  the  side  of  the  crater^ 
and  in  a  situation  where  it  must  have  un- 
dergone a  rapid  cooling.  In  some  parts  of 
these  congealedM  streams  I  could  trace  -a 
transition  of  the*  obsidian  into  pumicei  In 
these  places  the  ob^dian  contained  scattered 
airglobulesy  which  were  almost  always  lengdi- 
ened  in  the  direction  of  the  stream.  These 
globules  gradually  augmented  in  number  un- 
til the  whole  substance  became  a  light,  fra^ 
gile,  and  frothy  pumice*.  Obsidian  is  found 
in  the  crater  of  Vulcano,  one  of  the  .£olian 
islands,  and  may  be  seen  forming  there  at  the 
present  time-f*. 

The  mud  ejected  from  the  Amefmus  vol^ 
canoes,  becoming  indurated,  forms  a  solid 
mass  of  earth,  and  makes  a  new  soil  or  sur* 
face  frequently  of  vast  extent  and  consider- 
able depth.  The  volcanic  sand  and  fine  dust 
or  powders  thrown  out  of  volcanoes  during 

•  Memoirs  of  the  Wernerian  Society^  voL  ii.  p.  47» 
"t*  See  AppeikSx. 
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great  eruptions^  and  jpiead  over  distant  i^ 
gions^  sometimes  fonos  a  coveiingi  of  many 
feet  in  thickness^  which  becomes .  consolU 
dated  by  rain  and  moiaturs,  and  is  co^ 
verted  mto  a  substance  called.. tufa.  In  its 
most  indurated  state  tufa  is  used  for  builds- 
ing-stone:  the  softer  kinds,  which  ihave  a 
basis  of  clay,  form  tarras  tand.  puezokno^  sub- 
stances of  great  use  for  making?  a  cement 
which  hardens  under  the  sea;  it  is  previously 
mixed  with  two  thirds  of  common  lime.  Puzt- 
solano  is  not  only  found  in  countries  that  are 
the  seat  of  active  volcanoes,  but  in  places 
where  volcanoes  have  long  been  extinct,  as 
in  Auvergne  and  other  parts  of  France.  A&- 
cording  to  Mr.  Kirwan,  artificial  tarras  or 
puzzolano  is  made  by  burning  slate  or  clay 
that  abounds  in  iron,  and  grinding  them  to  a 
fine  powder.  BoiHng  water  and  bitumen  are 
the  principal  liquid  products  of  volcanoes. 
Petroleum  or  mineral  oil  sometimes  trickles 
from  the  fissures  of  lava. 

In  craters  that  are  still  burning,  sulphur  is 
very  rare ;  almost  all  extinct  volcanoes  become 
mines  of  sulphur,  called  by  the  French  souf-- 
frieres.  When  volcanic  fires  are  in  a  state  of 
activity  at  the  surface,  the  sulphur  combines 
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with  oxygen,  and  forms  sulphureous  acid  gas 
and  sulphuric  acid  ;  but  in  antient  volcanoes 
the  internal  heat,  though  sufficient  to  sublime 
the  sulphur,  does  not  change  its  nature,  for 
vfeait  of  an  access  of  air :  the  prpcess  is  simi- 
lar to  the  sublimation' of  sulphur  in  close  ve8« 
sels  in  the  laboratory  of  the  chemist.  Almost 
all  the  sulphur  of  commerce  in  Europe  4s  pro- 
cured from  the  craters  of  dormant  volcanoes 
in  the  south  of  Italy,  Sicily,  and  the  Lipah 
islands. 

Muriat  of  ammonia  (sal  ammoniac)  forms 
an  incrustation  on  lavas  soon  after  they  cooL 
Muriat  of  .soda,  of  copper,  and  of  iron,  and 
also  sulphat  of  irOn,  or  green  copperas  and 
aUnn,  with  specular  iron  ore  and  sulphuret  of 
antimony,  are  among  the  products  which  are 
found  in  the  craters  of  volcanoes. 

The  sulphureous  and  sulphuric  acids  form- 
ed by  the  combustion  of  sulphur  during  erup- 
tions act  upon  lavas  and  rocks,  and  produce 
different  combinations,  of  which  the  most 
important  are  alum,  sulphat  of  magnesia, 
gypsum,  and  green  copperas. 

Hydrogen  and  sulphuretted  hydrogen  are 
emitted  from   volcanoes  in   vast  quantities. 
Whether  phosphorus  be  a  product  of  volca- 
noes 
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noes  is  unknown :  its  Atreme  inflammability 
prevents  it  from  being  discovered  in  a  con- 
crete form ;  but  th»  dense  white  clouds 
like  bales  of  cotton,  wbich  sometimes  cover 
Vesuvius,  resemble  the  fumes  produced  by 
the  combustion  of  phosphorus.  Among  the 
products  of  volcanoes  there  are  only  three 
combustible  at  a  moderate  temperature :  suJ- 
phur,  hydrogen,  and  a  small  portion  of 
carbon.  It  has  been  conjectured  by  Sir  H. 
Davy,  that  the  earths. and  alkalies  which 
form  lavas  exist  in  the  centre  of  the  globe  in 
a  metallic  state,  and  take  fire  by  the  access  of 
water.  This  property  of  the  newly  disco- 
vered metals,  to  inflame  instantly  on  the  ac«* 
cess  of  water,  by  which  they  are  converted 
into  earths  or  alkalies,  offers  an  easy  explana- 
tion of  the  origin  of  volcanic  fiies,  could  we 
suppose  that  substances  so  extremely  inflam- 
mable and  oxydable  have  remained  forages  in 
a  metallic  state.  There  may,  however,  be  pro- 
cesses going  on  in  the  vast  laboratory  of  the 
globe  that  separate  the  earths  from  oxygen,  and 
prepare  them  for  the  support  of  volcanic  fires, 
by  which  they  are  thrown  upon  the  surface, 
and  thus  establish  a  communication  between 
the  internal  and  external  parts  of  our  planet. 

z  CHAP- 
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CHAPTER  XIV. 

AN    OUTLINE    OF   THE    GEOLOGY    OF 

ENGLAND. 

JL  N  the  present  chapter  I  propose  to  trace  an 
outline  of  the  geology  of  England,  and  the 
leading  features  of  its  physical  structure  and 
mineral  geography.  I  wish  the  descnption, 
and  the  map  which  accompanies  it,  to  be  con- 
sidered as  presenting  only  a  rapid  sketch  of 
the  more  important  characters,  without  any 
attempt  at  minute  accuracy  of  detail,  which, 
were  it  attainable,  would  require  an  ample 
volume  of  illustration,  and  be  more  likelv  to 
fatigue  attention  than  to  excite  or  gratify  ge- 
neral curiosity. 

The  shape  of  every  island  is  determined  by 
the  ditFerei>t  mountain  ranges  that  traverse  it. 
The  inspection  of  an  accurate  map,  in  which 
the  mountains  and  elevations  are  distinctly 
marked,  will  render  this  apparent.  The  length 
of  Britain  is  determined  by  .different  groups 
of  hills  and  mountains,  which  viewed  on  a 
grand  scale  may  be  considered  as  forming 
one  chain  extending  along  the  western  side 

of 


GSOLOOT  OF  BKOLANB.  3S9 

of  England  and   Wales,  from  Cornwall   to 

« 

Cumberland,  and  from  thence  to  the  north- 
ern extremity  of  Scotland.  All  the  highest 
mountains  in  Great  Britain  are  situated  in 
this  chain.  The  breadth  of  our  island  in  the 
southern  and  eastern  parts  is  determined  by 
two  lower  ranges  of  hills :  one  of  these  ex- 
tends from  Dorsetshire  to  Kent;  the  other 
stretches  in  a  waving  line  from  the  isle  of 
Portland  to  the  Wolds  in  the  east  riding  of 
Yorkshire. . 

The  western  chain  of  mountains  is  broken, 
by  the  intervention  of  the  Bristol  channel 
and  the  low  grounds  of  Lancashire  and  Che- 
shire, into  three  parts  or  ranges.  For  the 
sake  of  distinction  they  may  be  denominated 
the  Northern,  the  Cambrian,  and  the  Devo- 
nian range.  Considered  as  parts  of  one 
chain,  they  constitute  the  alpine  district  of 
England,  coloured  red  in  the  map,  plate  IV. 

The  line  AAA  nearly  marks  the  direction 
of  the  range  of  calcareous  hills  or  strata  which 
extends  from  the  west  of  Dorsetshire  to  near 
Scarborough.  The  line  passes  on  the  western 
side  of  Wiltshire,  Oxfordshire,  and  through 
Northamptonshire,  Leicestershire,  Notting- 
hamshire, and  the  east  riding  of.  Yorkshire. 

z  2  ^       The 
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The  country  cast  of  this  line  may  bte  con- 
sidered as  forming  the  low  district  of  England, 
coloured  yellow  in  the  map.  The  country  on 
the  west,  bctxixcn  this  line  and  the  alpinej  di- 
strict, may  be  denominated  the  middle  di- 
strict. These  have  marked  geological  charai^- 
ters»  which  we  shall  attempt  to  delineate,  com- 
mencing from  the  coast  of  the  low  district. 

Ih  the  geological  examination  of  a  dwtrtft, 
see  plate  I.  fig.  1,  we  may  with  eqdal  ^*^h- 
tiige  commenci;  from  the  loftiest  partj '  where 
the  lowest  rocks  rise  through  the  surface,  as 
at  (fi,  %nd  from  thence  we  may  descend  o\"er 
the  rocks  2,  3,  4,  5,  6,  describing  them  in 
succession;  or  we  may  commence  fr6m  the 
sea  shore,  and  observe  the  rocks  6,  5,  4,  3,  2, 
as  they  rise  from  under  each  other,  to  the 
surface,  which  they  will  do  in  some  part  of 
their  course,  if  not  dislocated  by  faults.  * 

The  low  district  is  particularly  distinguish- 
ed by  the  absence  of  any  regular  beds  of 
coal  or  metallic  veins.  It  is  principally  com- 
pds^d  of  chalk  and  thick  beds  of  sand  and 
clay,  with  roe-stone,  calcareous  sand-Stone, 
artd  earth  7  lime-stone,  which  were  descri- 
bcrl  iirthc  ninth  chapter.  The  highest  hills 
do  not  ri^c  more  than  six  or  seven  hundred 

feet 
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fett  abpve  the  level  of  the  s^a  except  in  n 
f^WiiUjptnQces.  Chalk  is  the  preraiiing  ,rock 
of  Jtbb.dUtrict:  it  has  been  described  as  con- 
nvsting.  of  two  distinct  formations  distin- 
guished by  the  lowermost  being,  without  flints. 
Chalk  rises  to  the  surface  in  the  southern 
counties  from  Dorsetshine  to  Kent,  and  in 
tli0,  .midland  counties  of  Wiltshire,  Berkshire, 
Hertfordshire,  Buckinghamshire,  Essex*  Cam- 
.l^ridgeshire,  Norfolk,  Lincoln^liire,  and  the 
€»^  riding  of  Yorkshire.  In  various  parts 
of  the  low  district  the  chalk  is  covered  by 
thick  beds  of  clay,  particularly  by  a  remark- 
ably thick  stratum  which  has  been  called  the 
London  clay  because  it  extends  over  the  vale 
of  Thames  in  the  vicinity  of  London. 

The  London  clay  is  in  some  situations  five 
hundred  feet  in  thickness,  and  is  distinguished 
by  the  variety  of  the  organic  remains  which 
it  contains,  and  by  large  nodules  of  imperfect 
iron-stone  formed  into  septaria,  or  cells,  by 
veins  of  calcareous  spar.  These  are  the  balls 
from  which  Parker's  Roman  cement  is  made 
by  burning.  It  is  this  clay  which  was  cut 
tlirough  in  forming  the  archway  at  Highgate. 
In  the  calcareous  loam  and  marie  over  the 
London  clay  are  found  the  bones  of  the  ele- 
phant, 
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phant,  the  rhinoceros^  die  hippopotamus^  the 
tapir,  and  the  elL  They  generallj  occur  in 
low  situations.'  At  Brentford  a  vast  collection 
of  these  bones  were  recentlj  found  in  the 
grounds  >  of  Mr.  Trimmer.  About  half  a 
century  since  a  large  trunk  of  an  elephant 
was  discoiFcred  in  sinking  a  well  on  the  very 
spot  whene  the  present  volume  was  printed 
near .  St.  Andrew's  Churchy  ^  Holborn  *v '  At 
Hampstead  and  Bagshot  this  day  is  covered 
with  sand  and  gravel.  This  very  thick  bed 
of  clay  appears  to  have  been  deposited  in  «6X^ 
tensive  lakes  or  basins  formed  in-  chalk.  These 
lakes;  probably  contained  salt  water,  as  the 
organic  remains  are  analogous  to  the  manne 
shells  of  tropical  climates^  but  the  existdnoe 
of  wood  and  vegetable  products  also  in  this 
stratum  indicates  that  dry  land  existed  in  its 
vicinity.  In  its  geological  position  and  the 
fossils  that  it  contains,  it  rcsembles  what  has 
been  denominated,  the  lower  marine  format 
tion  over  chalk  near  Paris,  The  parts  of  the 
low  district  covered  by  this  clay  are  marked 

*id  -     ^        ■  •  ■-    .  .      -  ■  ■  ■ .... 

*  T6f  this  information  I  am  indebted  to  Mr.  iParker 
iir*Flfe^t  Street,  whose  father  was  present  when  it-ivas 
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in  the.  map^  .by  ike  dotted  lines  o  o  o;  .Ov^r 
Abb  .bed  of ;  clay  there  Jiavjei  beeo  .local  depo- 
sits of  strata  which  may  be  traced  f .'in  f'Some 
-parts  of  the  lowrdistrictv  but  more  distinctfy 
in  the  Isle  of  Wight  then  ekltfwbere^urOtt  a 
more  attentive  exaaiinaiian  <  of.  these  strata^  it 
has  been  discovered  thatthey  presentthe  re- 
snarkable  appearance  of  beds  oontatniftg  &esh 
vater  sheik  akerziatittg)  with' ibediv  off mianne 
shells ;  thus  indicating  a  sodcession  of  changes 
and  revolutions  at* the  'period  of  (thbin^feisma- 
tion,  by  which'  tbe^taur&ce  has  'been;  'alter- 
nately covered  with!  salt  and^  fresh  w»tef  •  For 
the  knowledge  of  this  ourioas  fiuu  we  are  in- 
debted to  Mr^  Webster,  imm  whose  account 
of  the  Isle  of  Wight^  f  in  the  second  •  volume  of 
Transactions  of  the  Geological*  •  Society  of 
London^  it  appears  chat  the  chalk  and  Lon- 
don clay  pass  undev  thiS'  channd  callbd>the 
Solent^  and;  rise  in  the  middle  of  that  island, 
ibnning  a  range  of  hiUs^ '  it bich  exMnds  fix>iA 
Cnlver  cliiis  on^the^^utto^the  Needles  on  the 
west.  It  is  truly  deserving  notice,  tha(k  4;he 
strata  of  this  range  are  here  thrown  into  a 
vertical  position,,  by  one  Of  those  great  convul- 
sions of  nature  which  so  many  circumstances 
indicate  to  have  formerly  agitated  the  globe. 

The 
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:  The  whole  thickness  of  diese  bedb,  which  are 
yearly  vertical^  according  to  Mr> 'Wehstac's 
iQjeasurement,  is  not  less  than  thrae<  thousand 
fe^,  including  fourteen  hundred  attd  eighty- 
one  feet  of t^ata  above  the  chalk,  about  ^nine 
hundred  and  eighty-seven  feet,  of  thaUc,  and 
five  or  six.  hundred  feet  of  JoM^er.  strata. 
Further  south  th0  v^trata  under  ehalk  are  seen 
again  in  their  otk^ml  horizontal  |K>sitionv and 
on  the  northfirn^  i  eiAet  are  bills  composed  lof 
h^Qtizootal  strata,; jevidently^K^. at. i^rmatlon 
:p^bi^nw  to. the  tw^inyh^n  the  icbalkratnta 
v(^e>x>verturoed^  .Thftttlie  Jbittey^  ^Metre.once 
n€if^\y  ,h^47QntaU  inay  ibe  in&arwl.  frontii  their 
ejjiyf^y^pc^Gtxifm^  iiu  thali  posilioii;in  the  south* 
ecQ  opjo^tieilv  AQd  is  rendered  ;eertain>.from 
the  .fc^owing  direumstance  described  .-foy^Mr. 
Webster.  In  one  oC  the  vertical  beds- con^ 
histing  ,of  loose  sand  are  several  i  layers  of 
flints,  extending  from  dote  bottoni.ta  the  top 
of  the  cliff. .  *  ■  TbesQ;  flints,  bavecibeen -iound- 
ed  by  attritioBi  are  from  an  iincbi;la\ eight 
inches  in  diameter,  and  appear  tp  have  be- 
longed, itati^  chalk-  Now  it  10  incpnceivable 
tlf^^trithes^.  fli^teijCpMldibave  .been  originally 
d.^pfijSLted,  in,  their  present  )positioac>  they  dy 
^^^tly,  ppi{)t,  on):  s  the  foriiner  hprizonJbal  di^ 
ft  vf^ ..  rection 


rectian  of  thw  feerie*;  '  Ti»h^>iif^  sigfts'of 
psntttfl^fKitutiian^ee  in  thds)^l)e<fe;  Hh^  w!ibl^ 
aj^>ew*'tteewefforef'to  have  bi^eh  niiiJtiiff^H^el 
threr/'  The  iettomiou*  force  r^i*Jf^nt<y6bl 
casion  a  displacement  of  the  strfihi,-  lil^bd}^ 
through  ttie  wbole  island 'bat^  iWt»  ©Afeet-i. 
shire,  where  it  can  be  trtieed  beyond'^  Lb!- 
worth)  must  have  been  iniffitiieMf  't&'^S¥tA- dr 
destroy  extensive  hkes^  AMdUpieD-h^'  ttf  sepfti 
rate  England  from  tb#  0<*ti«E»liti'^'^'  ^''' 

;«€lo98  >ftdjoimng'  the  V^ti^l^  ^ratlBi''^^h^ 
Kocthem  srtde  of  thei^iilMld'o06^r^i  sld^  of 
boriaontai  strata,  ti^idhf  are  di^lifiK^I^ 'Visible 
in  a  hiU  called  Head^ii  fr-'th^se'^thit^^cttti^^t 
of  an^  altematittg  <«iiies  (^  firei^^Wiltlef'r^.i^hd 
marine  d0po8it8^;^bea;ribg  a  ^ti^ii^  similarity 
to  the  strata  -it>  the  Tidinit;^'  of-  Painisi*  A^(ibrd- 
ing  to  Mr.  Webster,  ibey  eoitisisJ^of  '^'  '^ ' 
-     1  A  oaloarsoitd  dfratcrini'' c^^nldgoBnly 

ii     ••freshi.^iWlter  shcfllSi^  '  ;m  ..*>.  •x'>  ,:** 

2  iQreenteh  iiMirle^itbiR^        shellsr.  ^" 
>  3  Matle  >ftitb  fr^h^^afer  sbeik' 
4  Dark  tlo€l  c^4y  witbootlsfaeM^' 
Ttua  Mieili^ve  6\'er  ehaUc  four  disthici -foV* 

matMins;^  '  A  *  lower'  mdnad-^cn^fvilionvwlii^h 

iittludei  the  London  ^^tej».  "'A'  IdWiVMslr-' 

water  foUBtftion,  No:! ."^'  The'  strafet  o^  this 

I  .  formation 
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tfbraiation  TtOBast' of  sandy i'  ealoareousy  and 
dfgiUaceou6;mark;  some  of  dieni  «ppf»rto 
li^  farmed'  kkaoat  Mrjbolly  of  the  fragments  tif 
fetofa^'^ater  shells,  'without  an!)r  mixture  wfaat- 
«irei'x>f  anariae  shells.  '^Fron  iJie  quantitjrc^ 
lihe^^^ahfellsiiand  the  regularity  and  extent  of 
the  slsata^  jwe  are  compelled  ( says  Mr.  Web* 
Mar)  (to  ^achmt  that  the  spot  where  tshey  now 
du;e!».'^a&  4>j0ce  occupied  by  fresh  water,  in 
-which  these  animals  existed  in  a  tiring  state. 
riOverthis  fndsh  water  oiecurs  aa  up|ier  stratom, 
;!nhich  HBontains  a  vwt  o  amber' of:  ilbssil  shells 
-^oUy  marine ;  again,  .^vet  tins  marine/ foiv 
mtition^inithe^same  hill^«  is>a  cakareoi^.  stmr 
tum'6fe)rH&m  feet  in  thioluifiifl^k:fevBry  pturt  of 
whtchr  cont^ns-  f nesl> water  lefaiUs  iirf  great 
abundance  without  any  admixtune  of  marine 
exuvise.  Many  of  the  shells  are  in) high  pre* 
servation,  and  the  animals  mnsti  ^  fbrmerly 
have  lived  ia  the  very  spots  t^here  tiiey  now 
are,  the  shells  being  so  fragile  that  they  could 
tiot  have  been  removed  from  theirs'  original 
aituation  wiithout  breaking.  Part  of  the  stone 
of  lhii»  formation  is  very  hard  and  compact, 
and- has  long  been  extensively  used  for.build<- 
iog  etone.  This  stmtum  appears  to  have  ex- 
|3ended  over  the  whole  of  the  northern  part 

of 


of  the  Isle  of  Wight;  but  it'faaftiiot  yet  beoi 
diaKKyramddniaiqr  other  sitoiartion -on  duft  «idi 
of c;the.  .iwster?  i  it  nay  fae.  cefu^dencl :  :a§i  thfe 
hUMt  fiuraatioaof  irock '  we  att  acqoaiatei 
with:  ia  .Ejngknal jt  and  agreca  m . naiiy^  oStitm 
mineralogmd  characters,  and  i  .the»  foniisj  it 
ebntains^'  "wiith  tbe£re6h^wateV'Haiestiine^  oaJ^ 
wtire  d^eau^  Amoi^  Am^YmiiAduity^^o^^  ; 

they  are  dhffinrent  fironii:  any  >o(iber  -  knowa 
rock. ""  But  no  wfaefre»bilSitheflBtheen  diacoi- 
Tared  in  tha^  nriet  of » fineish^wiater  4tirata  ia 
England  any  trace  iofi  the/  remaf kaUe  <  bede 
of  gypsum  containing  -bones  x>fi  tunfanowii<  ge- 
nera, and  specie8.c^quadruped8,>ttinilar  to  the 
gypsum  of  Montmartre.'  ^  See  efawpter.  Q. 

Chalk  appears aboi^e: the  saofiMrein  various 
Situations  in  the  southern  'eouhties>^om.Dor- 
eetshire  to  Kent,  and  in  the  midlkbd  counties 
of  WiltBhire,  Berkshire,  Hertfordshire^  Buck- 
inghamshire^ £8se2[,  Cambridge,  'Norfolk, 
Liocohishiney  and  the »£ast  lading} of lYork- 
shire.  Chalk  is  also  fimnd  beiowJtbe  sAriace 
in  Huntii^onshire  and  RutUodshir^^  The 
.strata,  vhich  he  under  chalky  and  ^  may  be 
considered  as  part'Of  thesame  a^riesf'^'iise  to 
the  surface  as  we  approach  tfae^coal  di)^trict)?, 
the  genera]  rise  of  these,  strata  being  to  the 

north- 
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north^westiij  i  The  Rev.  J.  Towosend^  in  a 
work  Jen  titled  ^^  The  Character  of  Moses  vindi- 
oated-dSian  Histonan/'  hasatt3emptedtoLa5cer- 
iskk  the  succession  and  thickness  of  the  strata 
•from  tfaE>chalk  on. the  south  coast  to. the  coai 
distari^B  in. Somersetshire.  The  result  of. such 
a  calculation  must  be  liable  to  uncertainty 
from  the  difficulty  of  meeting  with  the  strata 
nncot^red,  hut  it  may  deserve  notice  as  an 
at>pro&iaiatbn  to  truth.  : 
'I  shall  state  the  order  and  thickness  of  the 
beds,  preserving  the  same  names  which  Mr. 
Townsend  has  givwi. 

Soil  and  alluvial  gtound,  various  thickness : 

Chall^  more  than         400  Feet. 

^^         Thiee  beds  of  grecn^  gray,  and  wdl  ^qq 
sand,  with  sand-stone     •  •     , .     J 
Clay  in  one  situation       •  •         • .        200 
Superior  oolite  or  roe-stone         •  •         40 
Calcareous  grit         , . '        , .  . .     30 

Coral  rag         •  •         •  •         • »       •  •     30 

Forest  marble         •  •         •  •         •  •       40 

Great  oolite  or  Bath-stone         .  •         140 

Clay         140 

Inferior  oolite  and  sand         •  •       •  •       80 

Blue  clay         70 

Lyas         •  •         •  •         •  •  •  •        60 

*  Red  marie         •  •  •  •         •  •         ISO 


*  See  Appendix. 

Some 


Some  beds  of  minor  ai9f*rtaoce>4Miej9«t 
fiot^oed-an  the  above  stateineiit;;faiHl^iflbai 
welii  known  that  ^kiese  stsata^i^i^tiur.  tbiiddb^ 
nMs  in  different  parts  cf^  d2ietr:]QKtei)li^u  /ffkn 
chalk  in  some  situations  dsioieBrly)  Wd  dioin- 
sand  feet  in  thickness,  end  the-.thickticafeilrf' 
the  strata  which:  cover  ity .-.accordiiigi uto&lhe 
statement  of  Mr.  Webst«r^i;i!ii;ra(Mr&.<tfaan 
fourteen  hundred  ieet  in  ilie  JUIe  of  -  Wightv 
If,  therefore,  to  the  abQri2ie<£Btimat3;weiQc}d 
one  thousand  feet  for  the  rluindon  joldjr  tod 
chalk,  and  for  minfiar  stra|B,  .itfhicb'ha(Ye.lNNA 
omitted,  this  would  make'  the  depth  o£  the 
strata  in  tlie  vale  of  Thames ;  ito  r^\e  strata 
containing  coal,  about  nine,  hundr^^d-  or  oqe 
thousand  yards.  If  we  suppose  the  lower 
strata  accompanying  coal  to  extend  regularly, 
under  calcareous  sand-stone  ihnd  chalk-rocks^ 
it  would  be  a  very  interesting  wbJQQt  of  in- 
quiry to  determine  the  acquracy^of  this  esti- 
mate. The  expense  of  such  an  experiment 
would  be  too  great  for  any  individual  or  pri- 
vate company;  yet,  when. the  coal  fields  in 
the  north  are  exhausted,  it  will,  become  an 
object  of  future  public  interest.  Nor  would 
the  amount  of  the  expense  for  rariood  com-, 
plete  trials  in  different, situations  exceed  that 

of 
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of  the  present  national  expenditure  for  one 
week. 

The  depth  of  the  whole  calcareous  strata, 
fiom  the  upper  chalk  to  coal  strata,  is  not 
madti  mors  than  twice  the  depth  of  some 
mines  in  England ;  and  were  we  to  commence 
operations  where  the  chalk  terminates  in  Bed- 
fordshire, we  should  save  the  expense  of  sink- 
ing through  one  thousand  feet  or  more  of 
chalk  and  clay,  which  form  the  substrata 
near  London.  Where  chalk  terminates,  atid 
the  subjacent  sand  rises  from  under  it  as  at 
Woburn  sands,  the  depth  of  the  argillaceous 
strata  containing  coal  is  not  greater  than 
some  of  the  present  northern  mines,  if  the 
strata  have  the  same  thickness  in  that  county 
as  in  Dorsetshire  and  Somersetshire.  Having 
arrived  at  regular  argillaceous  coal  strata, 
how  much  deeper  we  must  sink  to  gain  the 
first  bed  of  workable  coal,  could  only  be  as- 
certained by  trial :  it  probably  would  not  ex- 
ceed forty  or  fifty  yards.  I  am,  however, 
inclined  to  believe  that  the  lower  secondary 
strata  do  not  extend  to  any  considerable  di- 
stance beyond  their  known  limits,  and  that 
calcareous  strata  near  the  coast  lie  on  pri- 
mary or  transition  rocks,  without  the  inter- 
vention 
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veation  of  coali strata*.  The  determwation  of 
this  question  will  be  a  subject  of  the  highest 
national  importance  in  the  coursefof  aivery 
few  centuries,  when  the  coal  fields  which 
supply  the  metropolis  and  aoathern  counties 
are  worked  out.  Our  prosperity  and  graa^ 
Beta  as  a  manufacturing  nation: 'will  dapenfi 
on  the  result  of  this  inquiry^ t  :-  .M.ciic  i 

To  the  above  remarks,  given  in  lli^fir^t 
edition  of  this  work,  I  may  nowr^add^  that^iai 
similar  experiment  has  been  made  in  that  part 
of  the  low  district  which  extends  in  the  easterji 
side  of  the  county  of  Durham,  and  is  covered 
by  calcareous  strata,  priiioipally  of  the  mag-^ 
nesian  lime-stone.  Many  practical  miners  had 
asserted  that  the  coal  strata  were  either  losr,r 
or,  as  they  term  it,  thrown;  out  oh  the  eisteri^ 
side  of  this  lime-stone,  and  did  not  dip  or  in-^ 
cline  under  it.  J.  Goodohild,  Esq.  who  ha» 
extensive  quarries  in  the  lower  strata  of  this 
lime<stone  west  of  Sunderland,  informed  me 
that  he  had  directed  them  to  be  bored 
through,  and  found  underneath  a  very  thick 
bed  of  argillaceous  shale,  under  which  were 
regular  coal  strata  and  beds  of  coal,  which 
will  be  highly  valuable  when  the  old  coal 

*  See  Appendix. 

fields 
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fields  of  tbat  county,  are  more  exhausted^ 
though,  on  account  of  their  great  depth,  they 
would  not  repay  the  expense  of  working  at 
the  present  time. 

The  northern  extremity  of  the  low  district 
is  broken  by  a  range  of  lofty  hills  which  in- 
tervenes, called  the  eastern  moorlands,  mark- 
ed £  in  the  map.  It  appears  again  beyond 
them  on  the  eastern  side  of  the  counties  of 
Durham  apd  Northumberland. 

The  calcareous  formation  on  the  eastern 
side  of  England,  which  from  its<  principal 
rock  we  may  denominate  the.  <^alk  feroMH 
;  tion,  has  three  remarkable  and  extensive  v^ 
rieties  of  lime-stone.  First,  the  chalk ;  se«» 
condly,  roe-stone,  similar  to  Portland-stone, 
and  below  this  the  magnesian  lime-stone; 
bordering  the  coal  strata  various  thick  beds 
of  clay  and  sand,  above  enumerated,  occupy 
the  intermediate  space  between  these  difie- 
rent  lime-stones.  The  roe-stone  is  exten- 
sively spread,  making  its  appearance  in  vari- 
ous parts  of  the  low  district  from  the  isle  of 
Portland  in  Dorsetshire  to  the  east  and  north 
ridings  of  Yorkshire,  but  is  not  much  known 
or  noticed  in  the  latter  county.  I  h?ive  seen 
it  w  situ  a  few  miles  north-west  of  Doncaster ; 

it 
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it  also  appears  north-east  of  Searborongb :  it 
is  here  remarkably  compaot  and  indurated, 
and  the  ova  or  globules  are  too  small  to  be 
distinctly  seen  without  a  lens« 

The  magnesian  lime-stone,  which  imme- 
diately borders  the  middle  district  in  many 
parts  from  Durham  to 'Derbyshire,  does  not 
appear  to  extend  into  the  southern  counties. 
Atleast  I  am  unacquainted  with  its  occurrence, 
nor  is  it  noticed  in  -Mr.  Townsend's  account 
of  the  succession  of  the  strata  from  the  chalk 
to  the  coal.  I  am  rather  inclined  to  regard 
the  blue  oliay  and  lyas^r  a»  occupying  the 
place  of  the  magnesian  lime*stone ;  and  it 
may  add  further  probability  to  this  opinion, 
that  the  fossil  remains  of  flat  fish,  which 
are  common  in  the  lias,  have  been  found 
in  the  lower  strata  of  magnesian  limestone. 
To  those  who  are  desirous  of  studying  the 
geology  of  the  countries  occupied  by  the 
chalk  formation  and  the  subjacent  strata 
of  the  low  district,  I  particularly  recom^ 
mend  Mr.  Farey's  account  of  the  series  of 
strata  subjoined  in  the  Appendix,  and  the 

'  *  Particular  strata  described  in  the  Appendix  by  Mr. 
Farey. 

2  A  papers 
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■ 

pap^s  l^  Miv  Parkinson  and  Mn.  Webster  in 
th6'<first  and  second  volumes  of  the  Trans- 
actions of  the  Geological  Society,     t: 

The  low  district  we  have  been  describing, 
except  various  stones  suited  for  architecture, 
contains  few  minerals  particularly  deservbg 
attention.  Iron  pyrites  is  found  crystallized 
in  chalk  rocks,  and  large  crystbls  of  sulphat 
of  bary  tes  have  recently  been  discoirered  near 
Croydon  in  Surrey.  Fullers  earth  is  also 
pecidiar  to  the  strata  under  chalk.  Iron- 
stone is  found  in  part  of  this  district,  but  is 
of  httle  value  wboe  proper  fuel  cannot  be 
obtained  near  it. 

It  has  been  previously  remarked,  that  the 
number  and  variety  of  the  organic  remains 
found  in  the  rocks  and  strata  are  the  most  in- 
teresting objects  which  this  district  contains. 

The  middle  district,  consisting  of  argilla^ 
ccous  and  sihceous  sand-stone  and  shafe, 
is  bounded  on  the  east  by  the  calcareous 
range  of  hills  or  strata  forming  part  of  the 
series  described  by  Mr.  Farey,  («ee  the  Ap- 
pendix,) and  extending  from  Dorsetshire  to 
Yorkshire,  near  the  line  marked  AAA. 
The  western  boundary  from  Northumber- 
land to  the  county  of  Derby  is  formed  by 

the 
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the  metnUiferous  lime^stooe  ibonntains  of  the 
northern  alpine  district^  or  by  mountains  of 
coarse  grit,  called  mill-stone  grit,  or  by 
thick  beds  of  shale,  which  rest  upon  lime* 
stone^  This  line  is  marked  C  C  G  in  the 
map,  and  is  continued  into  Somersetshire^  to 
show  that  no  metallic  veins  of  any  eonse* 
quence  are  found  east  of  it  in  any  part  of 
England  *. 

The  secondary  strata  of  the  middle  district 
extend  west  of  the  line  C  C  till  they  touch- 
the  Irish  sea  on  the*  coast  of  Lancashire,  or 
are  bounded  by  the  alpine  districts  of  Wales 
and  Devonshire.  On  this  side  of  England 
the  strata  are  very  irregular,  and  much 
broken  by  faults,  and  by  occasional  hills 
of  transition  and  basaltic  rocks  which  rise 
through  them,  and  by  branches  from  the 
mountains  of  Wales,  particularly  in  the  county 
of  Shropshire,  and  in  a  line  extending  from 
thence  to  the  hills  of  Charawood  forest. 

None  of  the  hills  in  the  middle  district  rise 
higher  than  fourteen  hundred  and  fifty  feet 


*  Ores  of  the  copper  and  cobfdt  uii  to  be  recently 
discovered  at  Bramcote  in  Nottinghamshire  are  nothing 
more  than  the  oxyd  of  iron. 

3  A  2  above 
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above  the  level  of  the  sea.  The  general  ele^ 
vation  of  the  level  country  in  the  central 
parts  of  England  may  be  determined  by  that 
of  the  canals.  The  Ashby  de  ]a  Zouch 
canal,  in  its  course  to  Oxford,  unites  with 
several  others,  along  which  a  boat  may  pass 
seventy  miles  equidistant  from  the  eastern 
and  western  sea  (without  the  interruption  of 
a  single  lock)  at  the  level  of  two  hundred 
and  seventy-eight  feet  above  the  high-water 
mark  at  Gainsborough. 

The  highest  part  of  the  middle  district  is 
tlie  eastern  moorlands  of  Yorkshire,  or  the 
Cleveland  Hills,  which  rise  more  than  four- 
l^eil  hundred  feet  very  abruptly  on  the  north- 
eastern side.  Aluminous  schistus  *  of  vast  and 
unknown  thickness  forms  the  base  of  these 
hills,  extending  east  and  west  about  thirty 
miles  from  Robin  Hood's  Bay  to  Guis- 
boro'ugh,  Stokesly  and  Osmotherly*  The 
breadth  of  the  Cleveland  Hills  is  about  fifteen 
miles  ;  but  on  their  south  side  the  alum  slate 
is  principally  covered  by  sand-stone  and  marie, 
which  belong,  I  conceive,  to  a  peculiar  coal 

*  The  provincial  name  by  ^which  it  is  best  Icnown  is 
alum  shale* 

formation. 
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formation.  On  the  north*ea8t  the  alum  rock 
extends  along  the  coast  from  Robin  Hood^s 
Bay  by  Whitby,  Sands-End  and  Lythe  to 
HiintclifF  near  Bretton,  froni  whence  it  turns 
to  the  south-west  to  Whorlton.  The  coal  for- 
mation covering  a  considerable  part  of  these 
hills  rises  from  under  the  oolite  lime-stone. 
I  have  not  had  an  opportunity  of  tracing  the 
course  of  the  strata  on  the  south  and  south- 
west. According  to  Mr.  Farey*,  the  basset 
or  rise  of  these  measures  runs  near  W^stow 
S.S.W.  of  Melton,  by  Spittel  bridge,  Sher*- 
riffe-Hutton,  Coxwold,  Thirsk,  and  from 
thence  north-east  to  Danby  Dale.  The 
oolite  limestone  also  makes  its  appearance 
very  near  the  base  of  these  hills  near  Pick- 
ering, la  many  parts  the  alum  shale  is 
covered  by  strata  of  sandnstone,  iron-stone, 
shale,  rubble  or  loose  stone,  and  clay  of 
the  peculiar  coal  formation  before  men- 
tioned. There  is  one  seam  of  coal  vary- 
ing in  thickness  from  four  to  eight  inches  or 
more.  These  strata  are  covered  in  some 
parts  with  alluvial  soil  in  which  the  remains 
of  the  elephant  have  been  discovered.     Two 

*  Phil.  Mag.  wlrma.  p.  100. 

grinders 


49i^  6Jtt)M>OY  or  SNfiUkMH, 

grinders  were  found  near  Robin  Hood's  Bay 
in  1813.  I  measured  the  largest :  it  was 
nineteen  inches  round  the  base,  and  weighed 
thirteen  pounds :  it  is  in  the  possession  of 
Mr.  Sanders  of  Whitby,  and  exactly  resem** 
bles  the  engraving  given  by  Cuvipr  of  the  tooth 
of  the  fossil  elephant  with  a  fiat  crown. 

The  height  of  the  alum  clifis,  which  rise 
perpendicularly  from  the  sea,  varies  from  one 
hundred  to  one  hundred  and  forty  yards. .  The 
characters  of  the  stone  are  described  in  the 
eighth  chapter; 

Whitby  Abbey  stands  near  the  bank  of 
aQ  awful  precipice  of  alum  shale  which  is 
qndermiqed  by  every  returning  tide.  When 
it  was  founded  in  606  it  is  said  to  have 
been  morfs  than  one  mile  from  the  sea ;  at 
present  it  is  about  two  hundred  yards 
from  the  edge  of  the  cliff.  This  fact  alone 
may  prove  the  great  encroachment  which 
the  se^.  Is  making  on  this  part  of  our 
island^  At  low  water  the  alum  rock  may  be 
seen  extending  far  to  the  east,  forming  a 
Qajb  pavement,  on  which  the  observer  may 
walk  secure,  treading  at  almost  every  step  on 
tlip  .organic  remains  of  the  inhabitants  of  a 
former  wor|d,  which  are  abundantly  dissemi- 
nated 
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nated  through  the  whole  mass  beneath,  and 
projecting  from  the  sides  of  the  black  and 
frowning  cliffs  above.  Indeed  a  more  deso- 
late scene  can  scarcely  be  imagined ,  than 
that  at  Sands-End,  north  of  Whitby,  where 
the  view  of  the  cultivated  country  is  hid,  and 
nothing  is  visible  but  an  immense  floor  of 
alum  shale,  surrounded  on  one  side  by  dark 
overhanging  precipices  of  the  same  rock,  and 
bounded  on  the  east  by  the  cheerless  Ger- 
man Ocean*  The  alum  shale  has  .been  per- 
forated near  the  sea,  to  the  depthof  one  hun- 
dred and  thirty  yards,  without  discovering 
the  subjacent  rock;  to  which  we  may  add  the 
height  of  the  cliffs  above,  which  will  make  a 
total  thickness  exceeding  two  hundred  and 
twenty  yards.  The  upper  parts  of  the  bed 
are  often  more  productive  of  alum  than  the 
lower.  From  the  quantity  of  pyrites  con- 
tained in  this  rock  it  sometimes  takes  fire 
spontaneously,  when  a  heap  of  it  which 
has  fallen  from  the  cliffs  is  moistened  by  sea- 
water.  The  animal  remains  are  scattered 
through  every  p^rt  of  the  rock.  They 
eonsist  principally  of  numerous  ammonites, 
i^autili,  belemnites,  fossil  vertebrae  (supposed 
to  belong  to  the ,  shark),  with  bivalve  shells. 

Fossil- 
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FossU-wood  and  jet  are  found  in  various  parts 
of  the  rock.  In  walking  over  the  natural  pave- 
ment of  alum  rock  on  the  coast,  it  is  curious 
to  observe  that  these  animal  remains  are 
almost  always  surrounded  by  stone  harder  than 
the  rest  of  the  rock  and  projecting  above 
it.  In  many  parts  they  have  formed  around 
them  spheroidal  nodules,  which  may  be  de* 
tached  like  boulders  from  the  rock*  The  am* 
monites  are  generally  inclosed  in  these  stones. 
In  other  instances  a  number  of  shells  form-  a 
congeries  included  in  one  nodule.  Some  of 
the  balls  are  compressed  spheroids,  very  perv 
feet  in  shape^  consisting  of  iron-stone,  and 
are  burnt  like  those  in  the  London  clay  to 
make  Parker's  cement.  I  consider  the  alum 
shale,  and  the  strata  which  cover  it^  as  a  pe- 
culiar local  formation  subjacent  to  the  roe^ 
2>tone,  but  above  the  coal  formation  of  York- 
shire or  Durham.  It  has,  I  conceive,  been 
formed  in  an  extensive  basin  or  lake,  once 
extending  far  to  the  east,  but  the  boundary 
on  that  side  has  been  washed  away.  The 
organic  remains,  are  npt  those  common  to  the 
coal  strata,  but  to  the  calcareous  strata  and 
beds  of  clay  above  the  coal.  The  alum  slate  is 
in  fact  a  tbicjc  be4  oC  indurated  pyritous  slate 

clay. 
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clay,  differing  little,  but  in  geological  posi- 
tion and  its  organic  remains,  from  some  of 
the  coal  shales.  At  the  time  when  this  great 
bed  was  deposited,  higher  ground  and  dry 
land  must  I  conceive  have  existed  in  the  vici- 
nity, as  is  evident  from  the  quantity  of  fossil 
wood  disseminated  through  it.  The  general 
position  of  the  strata  is  nearly  horizontal,  and 
the  whole  are  intersected  by  whin  dykes,  one 
of  which  has  been  described  in  the  twelfth 
chaptery  and  is  marked  on  the  map  plate  4. 

The  principal  coal  fields  in  the  northern 
part  of  the  middle  district  are  in  the  counties 
of  Northumberland  and  Durham,  the  west 
riding  of  Yorkshire,  and  Derbyshire.  Coal 
strata  terminate  a  few  miles  north-east  of" 
Derby,  but  appear  again  south  of  the  Trent 
round  Ashby  de  la  Zouch.  They  are  cut  off 
to  the  south-east  by  the  hills  of  Charnwood 
forest;  and  on  the  south-west  they  are  covered 
by  a  thick  bed  of  coarse  breccia  and  gravel, 
which  separates  them  from  the  coal  fields  at 
Polesworth  and  Bedworth  in  Warwickshire. 
*  On  the  western  side  of  the  line  C  C,  the 
red  sand-rock  described  in  the  sixth  chapter 
occupies  a  considerable  part  of  the  middle 
di3trict  from  Cumberland  to  Shropshire.  The 

principal 
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principal  salt  springs  and  the  rock*salt  of 
Cheshire  are  in  the  vicinity  or  upon  the  red 
sand-rock  at  a  low  elevation,  near  a  range 
of  lofty  hills,  which  extends  from  the  high 
Peak  of  Derbyshire  to  Bromsgrove  Lickey  in 
Worcestershire,  near  the  line  marked EE  E 
on  the  map. 

There  are  many  thick  beds  of  sand-stone, 
coloured  red,  which  are  part  of  the  regular 
coal  formation,  aiid  overlie  eoal,  near  Oldham, 
Rochdale  and  Bury,  and  I  .believe  ip  other 
parts  of  the  western  counties.  Beside  which, 
various  detached  coal  fields  surrounded  by 
red  sand-rock  occur  in  Lancashire;  but 
the  greatest  repositories  of  coal  on  this  ude 
of  the  line  C  C  are  in  Staffordshire,  and  the 
part  of  South  Wales  bordering  on  the  Brbtol 
chonnel.  The  latter  is  one  hundred  miles  in 
length,  extending  from  Pembrokeshire  into 
Caermarthen,  Glamorgan,  Brecon,  and  Men- 
mouth  :  and  its  breadth  in  the  broadest  part 
is  twenty  miles;  but  in  Pembrokeshire  is 
not  more  than  five  miles.  In  the  deepest 
part  are  sixteen  beds  of  coal  of  various  thick- 
ness, amounting  together  to  ninety-five  feet 
of  coal,  besides  numerous  strata  from  six  to 
eighteen  inches  thick » 

In 
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In  the  counties  of  Somerset  and  Devon 
the  middle  district  we  are  describing  is  very 
narrow^  the  calcareous  strata  of  the  low  di« 
strict  approaching  near  the  granitic  and  schis* 
tose  rocks.  In  the  latitude  of  Manchester^ 
and  fifteen  miles  north  of  it,  secondary  strata 
extend  from  one  fdde  of  the  island  to  the 
other.  The  principal  range  of  momitains 
which  traverses  the  west  riding  of  York* 
shire  in  that  part,  is  no  where  sufficiently 
elevated  to  raise  the  subjacent  metalliferous 
lime-stone. 

As  local  illustrations  are  more  interesting 
and  intelligible  than  general  descriptions,  we 
will  suppose  ourselves  crossing  the  island  after 
landing  at  Hull.  Here  we  ^ishould  observe  a 
flat  country  formed  of  alluvial  ground.  Peat, 
earth,  and  trees  are  frequently  discovered 
below  the  surface,  both  on  the  Yorkshire 
side  of  the  Humber,  and  also  on  the  flat 
grounds  on  the  coast  of  Lincolnshire^.  A 
few  miles  west  of  Hull,  the  country  becomes 
more  elevated,  and  we  pass  over  a  rajige  of 
chalk  hills,  which  form  the  southern  ex- 
tremity of  the  York  Wolds.     Having  crossed 


••■^^ 


*  This  lubterranew  forest  is  coloured  green  in  the  map. 

these 
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these  chalk  rocks  aear  the  H umber,  we  de- 
scend upon  South  Cave,  and  travel  over  ai« 
luvial  ground  covered  with  clay  and  gravel, 
which  extends  for  more  than  twenty  miles, 
by  Howdon  and  Snaith,  to  near  Nottingly 
and  Ferrybridge,  where  the  magnesian  lime 
rock  malies  its  appearance.  The  interven'mg 
space  between  the  chalk  hills  and  the  mag* 
nesian  lime  is  so  completely  hid  by  the  allu- 
vial soil,  that  the  nature  of  the  strata  can 
no  where  be  discovered  ;  and  it  is  only  by 
analogy  we  can  infer  that  they  consist  piin* 
cipally  of  calcareous  sand-stone,  roe-stone, 
and  thick  beds  of  sand  and  clay ;  but  a  little 
south  of  this  hne  round  Doncaster  some  beds 
occur  analogous  to  those  under  chalk  in  the 
southern  counties.  The  magnesian  lime-stone 
forms  hills  of  a  low  elevation  distinctly 
stratified ;  the  strata  are  nearly  horizontal, 
and  parted  by  seams  of  clay.  The  breadth 
of  this  range  is  here  not  more  than  three 
miles ;  it  is  succeeded  by  yellow  siliceous 
sand-stone  on  which  the  town  of  Pontefract 
is  built:  we  may  consider  this  as  the 
boundary  of  the  low  calcareous  district.  Pro- 
ceeding in  a  direction  towards  Wakefield,  we 
soon  come  upon  the  argillaceous  coal  strata 

of 
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of  the  middle  district,  S^hich  extend  west- 
ward more  thaii  twenty  miles.  Wakefield 
and  Leeds  are  seated  near  the  eastern  side  of 
the  coal  district,  and  Huddersfield  and  Hali-* 
fax  near  the  western  side.  By  referring  to 
plate  IL  fig.  1 .  and  observing  the  geological 
position  of  Shefiield  over  the  coal  strata,  we 
may  obtain  a  clear  idea  of  that  of  Halifax 
and  Huddersfield,  which,  like  Sheffield,  are 
situated  near  the  western  termination  of  the 
Yorkshire  coal  district.  A  few  miles  west 
of  Sheffield,  Huddersfield  and  Halifax,  the' 
same  elevated  range  of  hills  composed  of 
mill-stone-grit  and  shale  rises  from  under 
the  coal  strata;  see  3  and  5,  plate  H.  fig.  1. 
In  these  two  beds  of  rock,  which  together 
are  more  than  three  hundred  yards  thick, 
no  workable  coal  is  ever  found;  ihey  rest 
upon  metalliferous  lime-stone,  which  makes 
its  appearance  west  of  the  Derwent,  near  the 
latitude  of  Sheffield,  but  is  no  where  visible 
in  crossing  the  Yorkshire  range  in  the  lati- 
tude of  Halifax  and  Huddersfield.  Mill- 
stone grit  forms  the  summit  of  Blackstone 
Edge,  Pule  Moss,  East  and  West  Nab,  and 
all  the  higher  hills  in  that  part  of  Yorkshire. 
A  perforation  of  three  miles  was  lately 

made 
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made  through  Pule  Moss  seven  hundred  and 
fifty  feet  below  the  summit  of  the  hiDt  to  form 
a  tunnel  for  a  canal  from  Huddersfield  to 
Manchester.  The  tunnel  appears  to  have 
been  principally  carried  through  the  shale; 
which  lies  immediately  upon  lime,  hence, 
ccdled  lime-stone  shale.  I  form  this  opinion 
from  an  examination  of  the  hiU,  and  the  stone 
thrown  out  from  the  excavation.  The  strata 
are  elevated  and  inclined  in  an  opposite  di« 
rection  on  the  east  and 'west  sides  of  the  hill, 
and  are  intersected  by  a  large  dyke,  con* 
taining  a  vein  described  by  Mr.  Outram  die 
engineer*  to  be  lime-stone.  At  a  consider- 
able distance  from  the  entrance  a  number 
of  balls  were  found  composed  of  argillaceous 
iron-stone :  they  are  oblate  spheroids  from 
three  to  twelve  inches  in  diameter,  having 
lines  drawn  upon  their  surface  parallel 
with  the  largest  diameter,  from  which 
many  of  them  have  a  projecting  point 
or  stalk;  which  proves  that  they  were  not 
formed  by  attrition.  The  two  lowest  beds  of 
good  workable   coal  in  the  west  riding  of 

*  Philosophical   Transactions,  for    1796.     Sec    Ap- 
pendix* 

Yorkshire 
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Yorkshire  rise  to  the  aub&eiu  ^^^  terminate  a 
little  east  of  the  townofHftlifiMKi  Thick  beds  of 
sand-stone,  corresponding  in  position  ivitb  the 
mill-stone  grit  and  shale-grit  of  Derbyshire, 
rise  to  the  west,  and  extend  toi  Blackstone 
Edge  and  near  Todmodon,  where  the  same 
beds  are  bent  in  an  opposite  direction,  and 
then  generally  follow  the  curvature  of^tbe  hills. 
Near  Ovendon,  a  little  west  of  the  town  of 
Halifax,  coal  was  bored  fox  to  the  depth  of 
two  hundred  and  twenty  yards,  but  without 
success.  Proceeding  towards  Manchester, 
we  descend  the  steep  western  declivities  of 
these  mountains  to  the  pkuns  of  Lancashire ; 
and  leaving  the  mill-stone  grit  and  shale  grit, 
we  again  come  upon  coal  strata,  which  further 
west  are  cut  off,  or  partially  intercepted,  by 
the  red  siliceous  sand-stone  before  described, 
provincially  called  the  red  rock.  The  coal 
measures  or  strata  of  Lancashire  do  not  agree 
with  those  of  Yorkshire,  The  principal  beds 
of  coal  are,  one  of  six  feet  in  thickness,  and  a 
lower  one  called  The  three  quarter  bed.  They 
extend  from  the  vicinity  of  Oldham  to  near 
Rochdale  and  Bury  in  Lancashire,,  but  their 
continuity  is  broken  by  numerous  faults  and 
deep  valleys.     Near  Oldham  the  sand-stone 

strata 


IbdiV  md'ffave  been'  inisrtiikAi'^^byiMMQe  ^r* 
soitti^4h'-th«^fed'rock,  whk^hf  «(pperiW4Wcber 
'^eijt,  and  eats  off  the  regular  tiifel  stMctt^^f^oi 
de«a\bhed^Mri 'fields  dceikr  itpAoIl»4r#(fyktg 

Auje  <>f^lJthtia9hi#6J&i'  fccm^retti'ill^i^ 

Iff  be^'of<^^^«h}  4)i((viii;ib]^  pt» .  w^v 

the  iurftci^<H^''lb#fid  detiefaed  blMkti^fFgAl 
nite,  iMysllj  ^Atenife  «iiid  \SkiWi*  vittiiMr  ^^  UK 
tifteks  %y  >N^V  Waletl^^aiieP >^«fl^lj><IMWll 
FroAi  near  Pfesdot  tb  Liifei^l  tM4(ed4lb«k 
fbnttft'  «hfe  ^^MciSiiii^  ^  «fiMf Ifattfni^  «ild  9IIMf 
1)e  8^etf<dipping%hd(»  thifc'fWfives  of  tttolh'Mk 
Seair  VHad  Ve  crosfired^the  island  in  arliM 
t^nty.five'friileSf^iibtftb^f  this,  near  the k^ 
titude  <yf  ^effiekl  and  Chester,  we  should 
tra>v%f  fcjfer  a'  similar  seribis  of  ibslMi^>— WmA 
ihi^dilff^nce,   that' bey ond^'^h^svalenifDefv 

.  ^  If  tJiis  ced  sand  rock,  which  has  been, frequently  re- 
presented  as  the  old  red  8and-stone  of  vVernft',^  raft- 
jlfeW  *to  mountain  TiMt-stone/  bel^^y  that  rock^^e 
moiHitiGiin  lime-4tbile  mtist^liave  been  eSt^fftiin^Shisrfir 
lection  by  a  great  (4^^  Qr  it8)9p|i|iauity  has,  been  j^idup 
by  some  other  cause.  From  the  constant  occurrence  of 
this  rock  in  England  at  a  low  level,  I  am  inciinra  to 
doubtlts  idehtity  with  the  tiM^  sand-stone  of  WtfroeK 

went 


went  Vnhe  miles  west  of  Sheffield,  we  should 
meet  with  the  metalliferous  lime-stone  of 
Derbyshire,  which  rises  to  the  sur&ce  at 
Castleton.  See  plate  IL  fig.  I,  7*  After 
leaving  the  lime-stone  mountains  of  Derby-* 
shire,  and  crossing  the  red  sand-^tone  of 
Chester,  should  we  continue  our  line  into 
Wales,  we  should  again  meet  with  the  same 
metalliferous  lime^stone  in  Flintshire,  form-^ 
ing  the  boundary  of  the  alpine  district,  and 
resting  upon  shite.  Had  we  crossed,  the  island 
in  the  latitude  of  Lancaster,  we  should  ob- 
aenre  the  metalliferous  lime*stone  mountains 
of  Craven  in  Yorkshire  rising  frou)  under 
the  grit-stone  ^nd  shale,  and  resting  upon 
coarse  slate,  and  in  ^mne  instances  upon 
red  sand-stune  which  appears  to  alternate 
with  slate^  In  this  latitude  the  grit-stone 
mountains  of  Wharfdale  and  Netherdale  ap* 
proach  near  the  earthy  lime-stone  on  the  east* 
ern  side,  and  nearly  exclude  the  regular  coal 
district.  They  are  said  to  contain  the  oxyd  of 
manganese.  Sulphat  of  strontian  and  sul- 
phat  of  bary  tes  also  occur  in  the  rocks  bor« 
dering  the  rivers  Nid  and  Wharf.  In  some 
situations  in  this  part  of  Yorkshire  thin 
seams  of  coal  are  found  in  hollows  or  basins 

Sb  in 


Hii'^the  f»it>MbneA  -TheM  >»«re  of  iinmed 
efttenty  andnthe  seam  is  si^otn  more  tlwLfi 
tirenty  indies  thick.  At  HudsweU'  txioor 
tbe  lb  west 'anfd^  thickest  part  of  the  coal  4  k 
one  yard^  butuhe  stratum  diminishes  and 
vanishes  nat  th6>^edges.*  The  extent  of  this 
coal  is  abotit  one  mik  in  each  ^iifection^ 
'In  pasfiing  acrras  the  island  from  the  coast 
9f  Kent  to  Cornwall,  we  'should  travel  ^over 
chalk  and  catcareous  sarid-stone  for  more 
than  one' hundred  and  fifty. miles  to  thewsst 
of  Dorsetshire,  andifrom  thence  should  pass 
over  a  few  miles  only  of  the^ienmr  seetodary 
strata,  before  we  arrived  at  the  traaskkin  and 
prinmry  rocks  *  of  Devonshire  »imd  GomwalL 
Another  icctfOB  across  the  narrowest  part  ot 
the  island 'Will  be  subsequently  desoribed. 

The  most  vahiable  mineralproduets  of  the 
middle  distriM  are  coal,  iron-stone»  and  rock- 
salt,  described  in  the' sixth  chapter* 


■«-»- 


*  Near  Middleham  and  at  Scrafton^  Leyburn^  Thoq> 
Fell  near  Burnsell,  and  as  far  west  as  Kettlewci)^  on  it  hill 
called  Centre '  Lights,  thete  are  several  small  det&hed 
^oal'  basins  proviftclilly'called  Swilleys.  The  positioni  of 
■^c  coalseams  in  these bsiins  is* represented  pl^te  IL  fig.  2. 

For  the  information  respecting  these  small  repositories 
of  coal^  I  am  indebted  to  Colonel  Siiuthsdn  of  death 
liatl  near  Wakefield. 

*-  It 
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It  has  been  before;  ttatedy  4bafc;  tp  aaseim 
blage  of  lofty  mountains  passing  aloD^-^ the 
western!  >  side  of  the  island  constitutesrrthe 
alpine  district  of  England  and  Wales^  These 
mountains  are  broken  into  three  ranges  by 
the  intervention  of  the  Bristol  channel -and 
the  plains  of  Lancashi remand  Cheshire. 

The  northern  range  enters  Cumberland 
from  Scotland,  and  passing  through  thatcodnty 
and  Westmoreland^  extaidsHs  brandies  into 
Northum^rhmd  and  Dniiiam*ri  It  is  con- 
tinued along  the  westefn  side  of  York^ire, 
with  the. north-west  part  of  Derbyshire,  and 
from  thence  into  Stafibrdshine  *. 

The  mountains  and  valleys  of  the  north- 
ern range  form  the  fascinating  scenery  round 
the  lakes  of  Cumberland  and  Westmoreland, 
the  gloomy  grandeur  of  Craven  tn  ^york- 
shire,  and  rtbe  romantic  dales  of  Derbyshiw. 
A  magnificent  view  of  the  loftiest  part  '-■  of 
the  northern  range  presents  itself  on  the  road 
from  Klrkby  Lonsdale  to  Kendal :  or  on  cross- 

-  ■  .  .  '  ■!  ■  : — 

?  Sonoe  traces  of  the  rocks  whichjDoinpose  the  metalliferous 
mountains  in  Derbyshire  may  be  discovered  on  the  south 
side  of  the  county,  particularly  at  Ticknal,  where  the 
metalliferous  lime-stone  makes  its  appearaij^,  and  where 
a  vein  of  lead  ore  is  worked,  belonging  to  Lord  Ferrers. 

2  B  2  ing 
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iog  UiB  satv^sfroqi  Lancaster.  ^01  Ulvefstoneii 
a»racn«||^  epct^dad  aad  distant  viewyrfi^ipfi- 
fSljng:  tliye  p)[]|ncipal  mountains  of  CmuberJand 
jlpd'Weatn^orelaad,  is  s^pn  from  the  heigbb^ 
qf  Stugcunore;,  on  the  road  from  Appleby  to 
'Richmond  in  Yorkshire.  Helvellyn,  Saddle- 
back,  iSkiddaw,  and  the  mountains  near  Wm- 
andermere  and  Coniston,  are  distinctly  con- 
spieiious.  WhoevieT'  has  charmed  away  a 
portion  of  his  existence  among  these  mbcin- 
tainsy  whose  forms  he  can  here  recognise  at 
the  distance,  of  tbriv  miles,  will    .  . 

'^  cast  a  longings  lingering  look  behind^*' 

as  he  turns  from  them  for  the  last  time  in 
paa<iing  southward. 

The  highest  mountains  of  Cuniliertand, 
Westmoreland,  and  Craven  in  Yorkshire  rise 
about  three  thousand  feet  above  the  level  ot 
the  sea.  Snow  remains  on  their  summits  and 
liorthera  declivities  to  the  middle  of  June, 
and  \n  some  instances  has  continued  the 
wiK>]e  vear.  Snow  was  gathered  on  Helvel- 
lyn  in  August  1812%  Tlie  following  admea- 
sureraents  cf  some  of  these  mountains  taken 
bv  the  bhrpmeler  were  given  tne  bv  Air. 
John  Dalton  .of  Manchested-,  well  known  by 

hi- 


of  i(%eroical  Pliiliofsbphy.  ^  I  gbatr  add  ihe 
trigonDmetrical  measurement  hj  Colonel 
Mudge.  The  difficulty  oF  bfinging  both 
these  modes  of  admeasurement  €o  coincide  ifc 
\vell  known,  - 

'    '  Dalton,  Mudge. 

feet  ftfet. 

..   iSipafell^  Cumberland.   ~    3240  3166^ 

HelvclljTi  ditto             —    3225,  3055 

Skiddaw  ditto              —    3175  3022 

Grasmire  ditto  -^    2i365 "  2756 

Saddleback  ditto           ~*   --•  -^  2787 

Coniaton-Oldman  ditto—    2571  -—  2577 

Cross  Fell  ditto             —     2901  — 

Rowfell,  Yorkshire       —    3084  2911 

Whernside,  Craven^  ditto     2475  ^ —  2384 

Ingleborough  ditto       *—    —  i— .— i'  2361 

Peiinygent  ditto          —     — >  ~—  2270 

Pendle  Hill,  Lancashire  —  —       —  1 803 

Holme  Moss,  between  Cheshire  and  Yorkshire  1859 

Axe  Edge,  Derbyshire    —  —       —  1751 

Lord's  Seat  ditto  *—     —  — 1715 

Scafell,  the  highest  mountain  in  England, 
is  lower  than  Snowdon  in  North- Wales.  A 
specimen  from  the  summit  given  me  by  Mr. 
Dalton,  is  a  flinty  slate  of  a  greenish  gray 
colour,  the  external  part  is  marked  with  the 
lichen  geographicus.  Kinder  Scout,  the  high- 
est mountain  in  Derbyshire,  is  not  given  in 

the 
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th6^  Survey  by  Colonel  Mud^;  but  I  am  in<- 
jbf tiled'  by  Mr.  Brown,  engineer, -of  Derely 
in  Chedhite;  -  that  in  taking  a  level  for  a  f>ro- 
jfftotbd-  oanal/«ith  a  %'ery  accurate  instrument 
by  Ramaden,  he  found  the   elevation  of  a 
ridge  below  the  summit  of  this  mountaia  to 
be  seventeen   hundred  and  thirty^siK   feet 
above  the  high-water   mark    on   the   Cbe» 
sbrre  coast.     Front  this  point  the  ^silininit 
of  the   tnountain    (by    the   estimation  :%of 
Mr.  Brown)  rose  about  feur  huidred  feet; 
Atibording  to  this  statement,  the  elwatioB'x^ 
tile  highest  part  of  Derby sfaire^  in  two  thou^ 
s&nd  one  hundred  feet  above  the'seai    ' 
*  The  eastern  side  of  the  northerns  range  of 
mountiains  fi-om  Cumbetknd  to  Derbyitbire  is 
composed  of  subcrystalliwe  metalliferous  lime- 
slone,  cc>vefed  in  many  pclrts   by  *tiie  coarse 
mill-stone  grit  and  shale  grit  previoilfiiy  de- 
scribed.    In  the   south-west  part-cifoYork- 
shiroi  this  lime-stone  is  entirely  hid  by  the 
incumbent  grit  for  more  than  tvf enty  ;miJcs ; 
but  in  the  north^trest  it  rises  to  thcj  sorfiM^, 
and  forms  most  of  the  mountains  of  Gnaven  : 
it  is  seen  resting  on  slate  in  Swaledales  and  at 
the  base  of  Ingleborough,  and  in  other  parts 
adjoining  Westmoreland,  The  slate  in  Swale- 
dale 


oboijogt  or  xyoLANJo,  fi?^ 

dale  is  gray^and  pul^le;  a^^tfoasse  ^nyiiMkt 
blate  is  al60  found  there.  Sonobofr tbe^ilinMv 
stoae  from  this  part  of  Yorkdhireja.  ipolillied 
fop;ch4mney  pieces:  it  is  similar  ixt  that>^ 
Derbyshire.    •  ^  j;    i''  J  vrl 

<  The  highest  mountains  of  Gdmbedabd  #ad 
Westmoreland  have  without  sufficient  feasoil 
been  said  exclasiyely  to?>beldng  to  theclass 
ealled  transition  rocka«^  Anyt  narked  id  ialiAei^ 
tiou'  between  transition^  and  jmmary^  rocV^ 
does  not  perhaps  exist  in  natarei  'but;  if  ^4 
dass  granite^  gneisa'and^)  miba/,  slate  iMi-pri- 
mary,  and  for4he  conv(»iience*of  'de6eri(>tkMi 
call  those  districts  in  wluob  'they '  predtoii«* 
nate  primai^y'  countries,  ^and -tbose  n^faich 
abound  moet  inelate^  flinty  slate^gray^wacke^ 
porphyry  and  sienite^  -transition  eouatries, 
we  may  call,  the  difitrict  including  the  higher 
parts  of  .Cumberland^:  WesimOreland|v;.tfBd 
tbe  north-west  of  'Lancashirei  a  '■  traDsition 
country.'  But/ highly  crystalline,  granite.^j^ 
istsin  parts^of  thi$'disti:ict9-particuiaj^y  near 
Shap  in  Westmoreland.  «8ome  of  the  QK>uuts 
tains  in )  the  neighbourboodtof  UUswater  Are 
c^ped  with»  basalt.       ^t    .  . 

'  ;A  section  acioss  this  part  ot  our  island -^is 
particularly  interesting,  in  a  geological ,  view. 

I  shall 


j$9fe99«itiQg  ,tke,«9mr%l  i».i<t«)0»<n«(ft  ^ii<km 

Co|riniBti90  4)f: ;  CumbeFland'   ^n   tbft   Iriili 

stM^ioe  ^ndi-jitpne^.  c^Mse  ^dndjitwWi  or  giiitp 
aQ^  in^ra^  abplef  i  continue  j  tpjiM^iaithft 
sam3  Uirectioq,  pwtaiomg  ti^^^few  afiamsqfiaciali 
]yte$ailili»pua  .Umfitftone.  aooo;  aiaike&.iite  apt 
peftranoe  fuFther-^westi^  CX.^rfbutmQi::)whfice 
fcuilHitbosejnifiieDae  <}liffi;(m  tha<MSigbtj^ 
or.na.:  bund  red  yards  in  (biokDeaa)iwhid:t  we 
i&e«t«Kil;hinCfav)eQin:Yorkahiraand  ia^Darbj^^ 
sbti;««  Thb  lime^toiifi  hsie  ia  dinridediinio  ^igbt 
t«w^)ed3  by  intorikisuig  stmts  ofi  rwiid^akMir 
aoid  sl^.  The^tQtal  thickneaaofL th&)dific«ent 
bm^atones  Ja  aboulr  one  fatindfedaWid.  fifiy- 
yarda^;  rof  wiiich  tbe'Seoond  is  aboubAiiriinty^ 
■»  one 


awdy^Soarc  limestone  froib'clbrMShgi'^iffi<ift 
liaiipisMi  from  whence 'itf^stentis  into' 'W«itli^ 
b1KH«UumI.  The  \fbitAe  of  t!he  trtftita  ttre'  iMetM 
Wctkl  by  reaus  which  <Are-  -very  {yroductiVe  of 
Iftadiand  sincj>iin>the>tinke4fotte^iliettkM>fyitf 
whiit  i9CttlledthegreatlitM-8|mkie^4)ttt 'produce 
nmsh lot  oKeai  tbeypfliwItlikou^hJ  ihV'balnid- 
atane  strata^  Bod  nmsdy^fmidacei^ilflyittthdM* 
d£jargiUaccioiW'riiaU.i  The  4Hgheefti>f»ttii»i^(if 
tbs.metalliferoiM  limeHstoitddiiitJirittt  i^'-6iroa« 
Felli  It  is  composed  of  Varioa^'bcfdi'bf'tfH^b' 
natiog  Uoie-stone,  and  covered-''  neat*  4h^ 
summit  bj  the  lower  series  of' tm'cbar 
atrata:.  it  ta  mtiersected  by  a  gresii*  ^ti 
ofj.Jead '>4Nre«  ronmng-^eftsfe  and-iM^t=^*%TKf 
riskig  t(i'th0aorfaae>:-  QOtotieinda^is  tf  ^^tiniai!i< 
6r-?ba9aiti'-^  tri^.  aiit'  extreuMrdidai^  eircalltr 
cavity;^  surrounded  by  basaltic -jcofuians. 
Cros&f'eU  ia.  the  only  mouotain. '  in  iEugland 
from  iuchenoei  both  i  the  >  eastern' iafid^^testem 
shMto^of  our'island  !are  said'to '  be  seen^r^  mow 
rGmaiAs  longer  upon  it  than  on  aby  other  in 
tl^  northern  countiea:  it  has  even  been  known 
to  continue  the  whole  yean-   This  may  be 

attributed 
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aittriixitod  to  its  distance  from  ttte^icinity  of 
cither  sea^.'  The  strata  continiie  to  rise » 
ili0  sam^  direction  westward  till  we  pa&s  Cross 
Fell,  but  are  broken  by  faults,  partacularly 
by  a  fault  called  the  Burtreeford  Dyke,  whicfa 
runs  north  and  south  through  the  nveat  side 
b(  Durham  crossing  the  Wear  at  Burtreefonk 
It  has  thrown  down  the  strata  to:  the  weMtin0 
hundred  and  sixty  yards.  Thestvateias  they 
approach  it  rise  at  an  angle  of:  about- tweMbp 
ivro  degrees,  see  X*  Descending  t^e  -western 
declivities  of :  Gross:  Fell  and  tbeothw  naauii* 
tainsi  of  tliis.  district^;  we  ti^me  to  .the.  red 
saaldnock  extending  from  thaoce  beyond  P^r^ 

lili„  ;. J ■•     ■    ■  ,.!-■■; iIlll: :jiu- — »^w^ 


I  .'  I  :  I  i 


*  The  remarkable  phseuomenou  provincially  called  the 
liclm  u-iiid,  frequent  on  Cross  Fell,  is  wett  desenring  m^ 
attention  than  it  has  reoeiyed.  It  is  described  bf  ptfMin 
who  have  passed  over  the  mountain  atithatwiey  m  anting 


petuous  wind  rushing  violently  ip  every  directign  from 
under  a  cloud  which  hovers  on  the  summit.  The  eflfect 
is  felt  many  miles  distant  from  the  mouh^n;  axj^  in  die 
tracts  of  country  fyrer  which  these  ctirreitts  bobs  moat  Sett 
quent,  the  progress  of  vegetation  is  much  retarded. 

On  entering  the  cloud  the  air  is  said  to  be  perfectly 
calm,  though  immediately  below  it  the  force  of  the  wind 
was  iio  strong  as  to  make  it  difficult  ^o  sti^d/  The  noise 
which  proceeds  from  the  part  whence  (he  wind  rushes^'te** 
aetanblcs  the  roaring  of  a  cataract^ 

rilh 
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rith,  marked '£>.  The  thickne«B  c^  aH  thedit* 
ferent  beds  from  the  magnesian  lun&*atone 
to  the  red  sand-stone,  as  given  by.  Mr.^  AVest- 
garth  Forster*^  is  about  thirteen  hundred 
yards.  On  the  western  side  of  the  red 
mmd^rocky  and  at  the  feet  of  the  high 
mountains  near  the  lakes,  we  meet  with 
bills  and  beds  formed  of  loose  fragments  of 
pebbles  washed  down  from  these  mountains. 
Such  conglomerated  beds  are .  generally 
found  on  the  bordiers  of  alpine  districts*  Di& 
ferent  coloured  lime-stones  which  receive  a 
high  polish,  occur  near  Kendal  and  other 
parts  surrounding  theses  mounmins.  The 
rocks  of  the  more  alpine  part  £  £  of  this 
district  are  composed  of  roof-slate,  flinty- 
slate,  horn-stone,  porphyry,  gray  wacke, 
green-stone,  sienite,  and  granite :  they  pre- 
sent no  reguUtr^  featured  of  stratificatioa 
or  order  of  succession.  The  beds  of  the 
schistose  mountiuns  are  very,  elevated,  but, 
like    Skiddaw^  are  frequently  coveredo  with 


*; 


r.         w:J 


*  In  a  very  valuable  little  tmct  called '^  A  treatise  on  a 
Section  of  the  Strata,  &c/'  of  which  I  l^ye  givw  an  account 
IP  the  PhU.  Mm.  March  1815. 

vegetatioq. 
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ate  mdn^dmgj^,  bare^'fttidpieeipitdttsf-'iTlie 
depth  of  the  lakes  by  no  means  tMlnftflpioiticIs 
iMtids  <h6^  height  of  the  mctantains;  being  ^ot 
mot%  thM  a  hundred  and  forty  yturds.  The 
rooks  n«ar  the  vale  of  Newldnds  and  Butter- 
lAcre 'have  a  red  iind  at  a  distance '  a  fourtit 
ap|>eifcrarioe,  pitrticularly- Red  Pike/'U'SinklU 
l^rAined  granitic  rock  'OoApMed  prtbct- 
pd\i^^0i  febpar  spotted  U4^  chloritev  wp^ 
proachlng  almost  to'  a  saiid^stone;  -  Beyond 
tlietie.Meivritains  to  the  west  we'ooeet/iMh 
a>^- thick  bed  of  siliceous,  sandwitaney  and 
then  the  Cumberland  coal: ^format ion-  cz« 
telfldlng  to  the  sea  marked^.  The  lime^ 
stone  ^istiii^t  furnishes  a*;  4arge  'quanthy  <)f 
lead  TOnieof  which  is  rich  in  sliver.  *  -  '  * 
The  mountains  in  the  vieinii^  of  the  lakes 
contaiiv '  some  copper  and  lead.  The  best 
plumbago  in  Europe  is  got  from  a  mbuntain 
in  Borrowdale.  In  that  part  of  Lancashire 
v^hicb  adjoins  Westmoreland  between  Ulver- 
stone  and  Furness  Abbey  a  large  quantity  of 
red  hematite  is  procured :  it  is  imbedded  iu 
an  unctuous  clay,  which  leaves  a  metalficttain 
on  the  fingers.     This  ore  yields  the  niost 

ductile 


oAiLdcnr  or  usQUkXi^.  381 

ductile  iroaprpdj^ced in  tbe,iim|:ed  l^ingdois : 
it  i9  particularly  valuable  for  the  manu&pture 
of  iCard  wire* 

The  remarkable  agitation  of  the  waters 
^h)ch  ppcasionally  take&. place  in  thf^  lakes 
of  JKe9wiok  and  Be^ssenthwaite,  particularly  of 
the  iotmer,,  is  well  desprying  the  attention  of 
philosophers.  I,  have  oeyev  had  ajQ  ^  oppor^ 
tuwty  of  observing  it  in  eiithetfF.;  but  thi^^e 
pc^rsons  who  reside  on  th^ .  bank«  ^efisrib^  it 
B^ja^  niption  fconimencing;  frombenentli^^vip^ 
lently  hf^avipg  up,the;^vei^  and  cockiag  with 
CfWisiderable  focce  ihp.  boats  that  may  be 
crossing  the  lakot  At  ,g$beir ,  .times  the  sur^ 
face  appears  as:  if  disturbed  by^  hefivy  drops 
of.  rain.  The  air  remains  calm  and -dry. 
Both  these  appearances  are  precisely  what  are 
described  as  taking  plape  ii|  w^ter  before  ;the 
violent  shocks  of  an.  eartbqu^e,  or  the  er cap- 
tion of  volcanoes^  and  we  ^te  led  to;  refer 
tljiese  ijuotions  to. a  cause  connected  wi^h;tb$ 
Dfune^pjipBi^pmena^,  In^eedf  .a  vieW:  of.  the 
nearly  circular  lake  of  Keswick,  v;ith  the  steep 
surrounding:  cliffs^  when  s^p  from  the  summit 
of  Skiddaw.  recalls  to  mind  the -circular  lakes 
^rmed  in  e;ctinct  cratersi  so  well  depicted 
and  described  by  Sir  Wm.  EUimilton  in  hi^ 

CaiupL 
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Catnpi  PUegnei*.  »The  breedtbrvf  fingllMdin 
the  line  of  setftion  here  ^ven  is^littleikiore  than 
one  hundred  miles.  Though  the  gtological 
poshion  of  the  mounftain  Udie^stone  appdlEirs 
the  same  with  respect*  to^  the  cod  strtita  imd 
the  Aiagnesian  lime-stone  as  that^f  Craven 
and  Dert^sbire,  yet  the -great  difference  in 
the  division*  and  idtemation  of  the  beds 
would  aeem  to  indicate  that,  though  they  may 
all  beoonsrdered  as  aimilar  but  independent 
formations,  they  were  probably  formed  in 
detached  lakes^  or  basinci,  under  circcrm- 
stances  which  occasioned  a '  considefable  di- 
versity io'the  order  of  succession. 

The  rocks  of  DSerbyshire,  whith  form 
the  soniihern  part  of  the  northern  range 
of  alpine  country,  have  been  already 
described  as   consisting  of  lime-stone    and 


*  A  phaenomenon  in  some  respects  analogous^  was  de- 
scribed to  me  by  Mr.  Leckie,  whose  account  of  the  date 
of  Sicily  merits  the  profound  attention  of  the  politidfl 
philosopher.  At  the  foot  of  a  range  of  hilb,  the  great 
Hyblean  chain,  there  is  a  small  lake  of  rain  water  nearly 
circular.  The  water  is  cold,  but  it  (instantly  boils  up  in  the 
middle,  and  smells  strongly  of  bitumen,  and  large  lumps 
of  it  are  often  gathered  on  its  banks.  The  lake  19  thirty- 
two  miles  S.  S»  W.  from  /Etna.  v : 

basaltic 


nor  :is  (it  sufficiently  elevated  in .  aajj  jpijlref 
the  county  to  :  discover  tbe  subj^ceab  K^ ; 
but  from  the  aiimlarity  of  this  rook  if^th  t^e 
lime-stone  mountains  o£  North  Wales,  ^YMk-* 
8hire»  and  Lancasliire,  iie  may  ii^§t}  fhajt 
like  them  it  i^eat^upon  slote(\«.oTtb9;:wI^o 
thickness  of:  tJM  three  bedsrof-  Kme-9$9Q4fi0id 

■  * 

basaltic  laniy gidtloid  i  .or.  toacli[9lii9i^  otP  ?9i4ix? 
thajn  twfl  hjuildf^djaAd  fifty^yard^^jL  ;btlt^  in 
«o«^  situations  the  basaltic  amygdeAi^d  i^i^f 
vast  and  Uncertain  defMtlH  varying  ii>u<^)  .in 
this  respect  in,  different  parts  wh^re  it  lias 
been  sunk  through.  The  fourth  or  loK^est 
lime-stone  is  much  thicker  than  any  of  the 
4ipper  beds,  which  is  evident  from  excava- 
tions made  in  it  by  rivers  and  mines.  I  have 
before,  given  Mr.  Townsend's  estimate  of  tlie 
thickness  of  the  strata  from  chalk  to  coal  in 
the  southern  counties ;  and  if  we  could  sup-^ 
pose  the  same  to  extend   regular^  to  /the 


!■  ■■■  ■  ■     I     ■  ■  ■    ■     11    ■  I  ■  I  iH 


'  •  The  slate  and  lime-stone  appear  sometimes  to  alter- 
nate with  red  sand-stone  in  Yorkshire.  I  have  never 
seen  the  junetion  of  this  sand-stone  with  the  lime-stone 
of  tDratei^;  but  I  am  informed  bv  the  Hon.  Mr.  Bennet 
that  it.  may  be  seen  jat  Chasterton  near  Kirkby  Lonsdale. 

^•'  northern 
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northern  cooatiM^  we  wif^t  tajte^^m 
of  the  whole  thickneAs  of  the  Mcouhfj 
ef  England,  a»  an  admeafliirement  hM  lately 
been  taken  of  the  coal  strata  and  eat^acMIt 
rocks  in  Derbyshire,  of  whicb  I  have^rcceiairf 
the  following  account  from  a  friend  >-trf'«Qiir 
present  manager  at  the  Alfreton  coal  warks 
has  a  horiaoutiil  section  in  preparation,  which 
will  show  the  succession  of  all  the  strata  from 
the  magoesian  lime-stone  on  tlia  east  to  ihe 
fourth  lime-stone  of  Derbyshire,  detarmiae^ 
from  actual  observation.  I  l>ava  a  perpaadi 
cular  section  of  his  now  befora  me,  compfi^ 
sing  the  same  range  of  rocks.  From  thb  it 
appears  that  the  total  depth  taken  on  the 
level  line  of  the  measure,  of  all  the  known 
Derbyshire  strata,  including  the  small  por^ 
tion  of  Nottinghamshire,  which  contains  the 
yellow  or  magnesian  lime,  is  thirteen  hun- 
dred and  ten  yards.  In  the  whole  of  this 
range,  I  6nd  there  are  thirty  different  beds 
of  coal  varying  in  thickness  from  six  inches 
to  eleven  feet,  and  that  the  total  thickness 
of  coal  is  twenty-six  yards*  Of  course  the 
above  estimate  can  only  be  'considered  as  an 
approximation  to  truth,  since  the  thickness  of 
tlie  strata  was  taken  upon  a  level  line,  and 

not 
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not^(Mf)>eildi6ular  to  the  line'of  their  inclina- 
tftM;  ^  ff^We  knew  the  angle  of  the  dip  in  all 
ciBlMy'^  ffecuracy  might  be  obtained,  and  of 
thife  ve  iihall  in  fall  probability  be  put  in  pos- 
wssiofl  by  the  hbmontal  secticHi  before  men-* 
tioned/' 

I  have  already  described  the  thickness  of 
the  strata  of  the  low  distfict  (from  Mr.  Towns- 
end's  estimate)  to  be  about  seven  hundred 
yards,  which  is  the  depth  that  must  be  sunk 
through  from  the  upper  strata  of  the  chalk 
divllicts  to  reach  the  coal  i^trata ;  or,  ac- 
<elpfding  to  the  -thickness  of  similar  strata 
in  the  Isle  of  Wight  (p.  349),  the  depth  would 
be  one  thousand  yards.  The  series  of  the 
coal  strata  and  metalliferous  lime-stone  in 
Derbyshire  here  given  is  thirteen  hundred 
jrards,  through  which  we  must  pass  to  the  low- 
estlime-stone,  that  is  probably  incumbent  on 
slate.  This  lime-stone  is  not  yet  sunk  through ; 
but  if  we  estimate  its  thickness,  including 
strata  that  may  intervene  before  we  reach 
the  slate,  to  be  four  hundred  yards,  this 
added  to  the  above,  will  make  the  depth 
of  the  slate  rocks  below  the  stratum  of  clay 
in  the  vale  of  Thames  one  mile  and  a  quarter, 

2  c  supposing 


MypdttAg3the  .fireoottdaiy  i<)d(8  ttdiMttt^ 
gnti^y^b^ow  tfae.'rarfac»  from  .die  ooDtoiviif 
tbe  island  to  the  eastern  coast,  wliwkl^lliiYtf 
beftmi  mid  I  believe  ia  not  the  cMev  ibt^he 
b«dt  «f  bnakic  sBiygdadbid  do  nol^;ftiilaQ4 
beyond '  tbe  Peak  of  Derbyshire  ;  \Mtl  -^w 
moootain  lioMrfitone  ef /tkO; -^ittiicti^ppe^i? 
to  terminate  itcfir  flbe  ^outli .  avi^rJ  of  ^kiBt 
couBty  ^  it  approachea  the  bilh  of  Chmror 
wood  Fofeatin  Leioeatersfaire.  \  d  j^n^f;' 

'^31ieae  kiUa  fbmranijDiportBnt  featwieL)|^<^ 
geology  >af  fingkiMKbeiog  ooniposedi:)£4M)»# 
conidtfiBd  htj  nrnnyigeologmfetaapninaryfur- 
niluided  vby  aeoondMy  atrtMw  o  1^  eMsM 
iNmtit  tear  miles  in  a  Ikie  £pom  Ss£^  tcv  l).^*, 
risiiigs^rom  six  hundred  to  iear^ngbt  hundred 
feet  above  tbe  ciccumjacent  country. « -  The 
ibrest  is  now  usder  ciiltivatMfli«  '•nd  ia  Cfee 
course  of  a  few  years  die  suiiEbce  will  be  con* 
oealed  by  plantations  mod  inclamres,  which 
have  already  covered  the  distant  deelWides  of 
these  hilk,  and  hid  from  ourreafiirchthe  extent 
of  the  rocks  in  different  -sitimdons  westward, 
where  they  eridendy  jdae  near  the  av&oe. 
I  sQSpect  diey  are  connected  with  tbe  faasaldc 
rocks  near  Nuneaton  in  Warwickshire,  nnd 

extend 


they  ^fimitib  with    the  Mcki  ia  Shrotwbiij? 

The  siTato  tiiiTOwidingthe^fbrtstMe  OM^ 
tm^mmtal,  censietittg  of ' eandUifeoiieftiAth  Inu^ 
Btvteiireginenti  of  alateand  ehlorkei  .^vFbil^ 
staiA^tooe,  with  strata  of  nrnrlct  ia :  aom  iX)h 
Tering  the  rocks  at  the  Swithlaod;  elate  qtiai> 
lies^  and  near  die  TiUage  of.  Whitwick, 
Similar  beds  of  eend^-etXMa  extend  en  the 
north-eiisc  aide  of  these  hills  into:  Notting- 
hath^hire.  Thick  beds  of  breccia  and 
gravel,  composed  of  fragments  of  these 
tocksy  are  found  in  the  country  in  the 
nortb-west  side  of  these  hills*  The  strata 
of  the  Ashby  de  la  2oiuih  coal  field  ap- 
jkeach  on  this  side  vkhin  about  half  a 
mile  of  the  porphyritic  rocks  at  Whitwick, 
rising  at  a  very  elevated  angle.  Betw^n  the 
last  elevated  bed  of  coal  and  the  Torest  rock, 
the  intervenizig  spaoe  is  filled  by  horizontal 
strata  of.sand*stone  evidently  of  posterior 
formation  to  the  coal  strata.  A  m^e  to  the 
north-wes^>  of  this  place,  a  thick  bed  of  stra<- 
tij^  limestone  rests  on  die  flanks  of  these 
hills,  which  may  be  seen  rising  from  under 

2c  2  it 
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k  by  ascending  a  rivulet  called  Grace  -Dieti 
Brook.  This  lime-sMne'I  consider  as  the  ex« 
tf^mity  of  the  Derbyshire  shale  lioie-stoiie*, 
wbttiih  may  be  traced  from  near  Ashbum  to 
Wold  Park,  eight  mites  north  df  Derby ;  and 
tm  the  south  to  Breedon,  CSoudshilU  and 
finally  to  its  tentaination  M  this  place.'  Some 
bedb  of  this  ItmOi^tone  are  singularly  cofl- 
forfed  ;  a  refyre^entatbn  *  of '  that  at  WoM 
Pttrk  is  given. '  Plate  liL  'fig;  ij  e^'^i^  shews 
tl^ "bending  of  the  lime-st^Ht;  -(FJPisabent 
s&atiHtt  of -chert  resembling  flint. 

Tfte  Km'e*stone  On  the  other  side  of  the 
^^Bt  etV  BwMw  on  Soar*  is  of  that  kind 
\vhi^h  htt^'becta  x^Ued'^the  liasr  limestone ;  it 
cbniairtsfdssil  remains  of  fiat  fish,^  <  witik  the 
form  perfect,'  and  the  scales  preserving  their 
pearly  lustre.     These  fish  are  fi^uftd  in  ikt- 


••■.•; 


*  This  lime-stone  is  occasionally  imbedded  in  tiie  thick 
^halc  which  coVers  the  lower  beds  of  nietallifero^  lime- 
4lnnr.  Nodules  of  lead  ore  were  discovered,  ia  the  soil  on 
excavating  the  canal  from  Swannington  to  Q£ar  Lough- 
borough on  the  north-east  side  of  the  Charpwoo^  Forest 
bills,  I  conceive  these  were  the  remains  of  metallic  vans 
cxiisting  in  limc-stonc  that  once  covered  the  declivities  of 
the  hills. 

tened 
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tened  hdiSa  of  lime-stone^  imbedded'  in,  tlte 
marie  which  divides  the  strata, 
'  The  hills  of  Charnwood  Forest  may  be 
said  to  represent  in  miniatuce  tlie  m<H]ntau>3' 
of  North  Wales,  and  those  in  the  Ticinity  tit* 
the^  Lakes*  They  are  principally  i:omposed 
of  flinty  slate,  roof^ilate,  hom«stone,  por«* 
phyryi  porphyritic  green-stone,;  and  siehite. 
No  organic  remains  have  been  observed  in 
any  of  the  Forest  rocks,  nor  in ,  the  slate- 
quarries  which  have  been  ecitensivejy  worked 
for  many  years.  Veins  of  white  quar&z  con- 
taining cUortte  intersect  these  hills,  parti- 
cularly in  that  part  between  Bardon  Hill  and 
the  town  of  Whitwick.  No  appearance  of 
any  metalUc  substance  occurs  in  these  veins  *^ 
nor  is  pyrites  found  in  any  of  the  rocks 
which  I  examined :  a  rock  containing  a  great 
quantity  of  yellow  mica,  at  a  place  called 
Basil  .Wood,  has  been  erroneously  stated  to 
contain  pyrites.  The  roof-slate  is  princi* 
pally  confined  .  to  the  eastern  side ;  and 
on  this  side  the  beds  are  more  regular,  and 
rise  at  a  very  elevated  angle  to  the  south- 
west, and  would  by  many  geologists  be  de- 
scribed as  most  distinctly  stratified.     Such 

*  Except  a  few  spangles  of  micaceous  iron  ore. 

they 
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they  ap^arbd  to  ine  en  the  firifc -btftnikia- 
tion ;  but  I  am  persuBded  that  what  reBemblet 
.Hratificatibn  is  the  resolt  of  a  procew'finidb* 
^Ms  to  erystalUntion  oa  the  moQntaiD  masss, 
t^Hrhkh  it  has  separate  into  thick  tables  or 
^atiisy  that  are  of  limited  extent  abd  t^nni^ 
hate  in  the  ahape  of:  b  wedge.  iTb^  alaty 
cleavage  of  the  stone  is  neafljr  «tT^he  anglet 
wkh  the  direction  of  the  49ed8»' Att  the  rocks 
of  this  district;  eiicept  the- porjpliyritia  rocks 
tfii  the  west  side»  have  a  tettAetlcf  to  eMsaese 
l^yninidal  ibrtas,  and  the  stdoe  diMdes^ifato 
tmpeiorda  witkailiobthface69''byw4ij(feh«^tkisj 
itta^lte  durtbgeished  it  a  dbtaM  fH>iimy 
fUSKt  Stones  ih  thtt  part  of  Bngked.  ^^  ' 

Tb6  changes  by  which  the  diflRH^ent  feinds 
of  rock  pass  into  each  other  art  sttniler  to 
those  described  by  lyAobtussoa  in  tbe  de- 
partment of  La  Doire*.  In  the  same  rock 
the  tipper  b^  will  sometimes  be  porphyritic 


*  ■ 


^  Le  passage  d\Die  da  ces  vsri^tljl  d^  niche  k  Tiiutre^ 
provenant  de  la  difKfoettoe  dans  las  prqiOrtiMia  dei^ftia- 
cipea,  est  auaat  bruaque  %u'U  est  bi^pttou  DansxlQidi- 
stance  de  quelques  pas  on  voit  tantdt  un  achiate  jpr^ue 
entiercment  forme  de  feldspath^  tantdt  tria  abondant  en 
quartz^  taAtdt  foitnd  de  talc  presque  pur.^-Jbufiia/  des 
Mines,  Mai  1811. 

the 


aiid  the iiext  compact;  and  8onetim«8  from 
the  same  .  bed  aoaail  .speGim6a3*  "niight  bt 
broken,  which  will  present  the  two  charac* 
ters  on  the  opposite  sides.  -  The  kurge-granied 
sienite  of  one  rock  becomes  smaller-grained 
in  another,  and  in  the  adjoining  rock  it  will 
be  porphyritic,  and  pass  by  gradation  inlo 
AiHty  slate  with  small  crystals  of  felspar.  ^ 
yj  I  am.  inclined  to  believe  that  liiese  rocks 
Are-  cotemporaneous,  ai»d  were  ioroied  ^from 
^^ae^  homogeneow  masi^^-but^fUKcnin^nGps 
attending  their  formatioD^  hai^  disposed  the 
parts  to  assume  yarioHf^^rrangemeots  )n  dii- 
fevent  situations^  Perhaps  dbs  whole  may  be 
considered  as  ne^rly^  allied  -to  baa^ltic  looks. 
Veins  of  tiark  greea-stonoi  intersect  the  ^ie- 
nite  at  Mount  Soar  Hill.  The. sides  of  the 
vein  are  intermixti  and  closely  united  with 
the  rock, 

1  have  not  seen  the  basaltic  rock  or  ereen- 
stone  near  Nuneaton  m  jiVti ;  but  the  stones 
brought  frgm  thence  for  the  roads  have  the 
;iame  trapezoidal  fonns  as  those  on  Cham- 
wood  Forest,  and  have  also  a  strong  internal 
resemblance  to  some  of  tbem,^  and  belong,  I 
conceive,  to  the  same  formation.  In  some  of 
the  sienite  on  the  eastern  side  of  the  forest 

the 
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tlie  hornblende  disappears,  and  it  becomes 
what' might  be  called  true  granite.       ' 

The  granitic  rocks  of  Mount  Sorrel  are  se- 
parated from  the  slate  rocks  by  a  plain,  called ' 
Rokeby  plain,  which  prevents  their  junction 
from  being  traced  on  this  side ;  tb^y  have  a 
lower  elevation  than  the  slate,  wfaich  is  in^ 
plined  as  if  it  rose  from  under  them«  BsMtlon 
Hill  is  composed  of  sienitic  porphyry ^  Beacoa 
Hill  isr  eon>pt>9ed  of  flinty  slate; 'but  some: of 

m 

thiaslatecontains^rystalsof  felspar,  and  ispor« 
phyritic.  These  are  the  two  highest  hiilfiki  the 
forest!  ■■'  The  \  gradations  from  sieni  te  to  por- 
phyry-and'  flinty  slate  are  frequent  on  the 
western  side  of  the  forest  The  only  mineral- 
substances  obtained  from  these  bills  in  slate, 
paving-stones,  and  a  species  of  whet-stone  or. 
hone ;  this  is  not  found  in  a  regular  bed,  but 
in  frasments  under  the  soil.  The  beautiful 
green  and  red  sienite  at  Markfield  Knowl 
might  be  employed  for  durable  ornamental 
architecture ;  large  pyramidal  blocks  are 
scattered  over  the  bill,  and  were  a  quar#y 
o|)ened  near  the  summit  the  stone  might 
probably  be  raised  in  large  masses  at  a  small 

expQiK§.  . 

Tl)e  porpbyntic  rocks  near  Whitwick,  par- 
ticularly 
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tictikri]&.9aeoi»lled.SbarpJie^  fir§ ci}]fnp«^ed 
of  a  dark  purplish  gray  couipact.hQinnHitoJi^.; 
it  cooliaias  numerous  crystals  of  qy^i^Us,.  a^d 
some  of  tebpar..    The  rocks,  on  thW;:;8i(iie  oj^^- 

the  forest  are  singularly  .shatt^JFe<|^i  ^^4^: 
present  deep  perpendicular  figures,  .iA.«qu^; 
instances  covered  by  transyqifs^T^stpnes^  ipf 
immense  slze^  No  trace  pf*  external,  cr^^s^s^ 
lization  appears;  but  /we  .  observe  piles  jj^f: 
sbapelesKS  ruins,  sbo wi^gj  i  tb^  i ;  ^^fi^taiUou  i  of 
the.  elements  and   thfeftfoc^Sffllii^^lridQ^g^^^ 

ilbave  beeHimore  roiiiii.t(9 m^ jt^Ci/^QScriptiAn 
of  this  part  of  England  tiiQj^  viwjhappear.c^^ 
sistent  with  the;  piere  pi|l^i^.  oj^  i.^i^9^9gK; 
which  I  proposed  to  give.;  but.so  li^t^^^w^s. 
known  respecting  tb^^  mineralogy  .iof  .tbe^e 


V     '"  ■ < II, —■.■■UK 


*  Those  '^  whose  minds  proud  -sci^aoe  ntyeir.'taiiglft  to 
stray''  have  their  modes  of  explaining  the  cause  of. every 
remarkahle  appearance  in  nature,  which  sometimes  display 
as  much  intentive'fahcy  as  the  speculations  of  the  phHo- 
sopher.  My  guide  on  this  part  of  the  forest^  a-i^pect- 
able  fanner,  observing  my  attention  fixt  on  these  rocks, 
gravely  said,  ^*  Sir,  this  is  a  strange  place ;  all  these  rocks 
were  rent  asunder  at  the  time  of  the  crucifixion,  which  wc 
read  of  you  know  in  the  Testament."  An  opinion  so 
harmless,  and  which  oiFered  such  a  visible  confinnation  of 
his  faith,  it  would  have  been  cruel  to  disturb. 

hills, 


3M  uaaunn  owmmoMm. 

hiUi^k|oi^  tDibe  otntre  of  the  iabod;  that 
locust  If  flkaU  be  excused  for -this  deiriatML' 
Tli«.?eountr|f  pfesente  few  Menea  to  ^uve  }im 
pntnresqiiei  traveller,  aed  the;a«r&oe  will' 
MMii  he  near iy  concealed  by  plafttations  and 
UKleaurea*  fThe  ebservationls.  were^taadtf 
daring  a. 'mikieridogicalexaniitaatlinx>f  aeme 
o€  the;  nunioriJoa  thd  forest  ifi>r>tlii6f  Eairt  o£ 
Moira.  .  }> ; 

a'0to4hA  iwestem  sida^of  Ea^od^iaap^  ftp- 

ptaafch  the^>alpm6odbtric(;9^'!ira  oMMMMfa^yl 
mietiwidii^radttS.;^  aw8iiiiiliM:ela8a  jtooUcuMa 
iiD\^ga)e^/ bQt;wrroiiDded  by  ^erjMcondairy 
strata '4(tfFllitii«ud«Ue  distnofe^cof  4di6se,^the 
AMvdm/hilb  on  Ike  foordersr^of  H«relbfd- 
rfttre>e*d  itheWitaUn  aodCaradofc  billa-^in: 
ShropshiTeare  the  most  considerable.  t'T 

,Tfae  Mal^ernihiUs  are  from  eleven  hundred 
to  foofteea  himdred  feet .  high,  ^and^  extend 
for  ten  miles,  rising  od  the  eastern  side  iwtn 
the.  flat  country  on  the  vale  of  Seve-rn;  on 
tha;jrestern  ndp  they  are  connected  with  a 
aoge- of  lower  bills,  which  extend  several 
mile»  into  Herefordshire. 

JBj!^~  central  parts  of  these  hiU^  areprio^ 
cipdUl^.  composed  of  graoitic^fockt  .coosiatiing 
of  fhe  common  ingredients  of  granite,  but 

mixed 


mixed  vitfa  kurtMeftde^  mi^uxittB^ 
tkmsy  and  presenting  a  great  vistriety  #f  ja]Mf 
pearence.  The  iDwet  deckivities  «r0>(x>fe96d 
with  ltine*8tone  and  aand-itone. :  B^  ^^ftas^j 
ficular  account  of  the'  mineralogy i  of  tlkm 
Mohrem  hilb,  i  refer  dio.  feader  to  awihsiaUa^ 
paper  by  Mr.  L»  Horner  in  iiie^mt  vpfaiaK 
of  the  Transaxttiom'  of  :iii»  Oeologiealrifid^ 
ciety.  cTjojvjl 

The  sttrlwM  Af  Sbfo|«bif«ii»  nvcUkailen 
by  baialtic  rocks,  and  ^oliieii'Mekl  jMaritr 
connect  the  bill^  on  the  western  tMte  #65^^ 
county  with  ihe  iilpiM^^itttriet^M^M^^ori 
what  I  denominate  the  Ouumbfia]»iMtri^.:£ir 

The  Wrekin  aikd  CaMfeldo  M\$r  ^thv  itUe' 
hills  in  their  viciMty,  bek>ii^  rfo  itlK>6e  dP 
basaltic  formation,  being  compceecl  of  4^ 
variety  of  greefiMsitoae  and : '  amy^dakSd : 
some  of  these  rCK^ks '  cMttwii'  thci'Tniinerai 
called  aetinoiite..  On  the  Jides  of  !tbese4iilb^ 
are  singular  beds  of  clay-Hitone^ .  eontahiing 
oells  or  ea:mieS)  varying  in  sitie^  bat  eeldom^ 
eteeeding  liiat  of  am  ^mitod  ;  ^they  »e>dat^^ 
tened  and  elongated,  as  if  by  prebrave  since 
their  formation.  The  Ctee  hills,  the  hxgHest 
in  the  county,  belong  to  the  coal  f&mmikmy 

■•.but 
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l^t,  arp  capped  with  basalt*  u  described  in 
page  146. 

.,  Xj^e  loftiest  moimtains  of  tb^  Cambrian 
range  extend  through  Caernarvonshire  and 
])deri(tfiethshire«  They  docline  in  height  as 
^hey  pass  through  Cardiganshire  and  South 
Wales,  and  dip  under  the  coal  strata  on  thei 
borders,  of  thjB  Bristol  channel.  Branches 
from  this  range  spread  through  the  western 
(HHWti^spf.  Wsttes^aqd  j>art  of  Herefordql^ire 
a;^d  Shropshire-  ...    i 

,,I  have  only  seea  the  mountains  calk)d>^ 
RivaU  9t%  a.  distance ;  but  their  conical  or  pyn 
ranpidal  formi.  so  nearly  resembles  that  of.  tbe^ 
greatei^i  $tnd  lesser  Sugar  Loaf  on-  the  oppo^ 
site  coast  of  Wicklow,  that  1  think  it  exn 
tremely  probable  they  are  both  composed  oi 
the  same  kind  of  quartz  rock,  which'  is  well 
known  to  assume  this  form  in  various  parts 
of  the  Morld.  By  some  persons  they  have 
bepn  mistaken  for  volcanic  craters ;  but  the 
conical  form  is  occasioned  by  the  higher  parts 
of  the  rock  being  broken  into  detached  blocks, 
which  roll  down  and  accumulate  round  the 
base,  where  they  remain  uncovered  by  vegeta^ 
tion,  and  scarcely  subject  to  further  decay. 

Snowdon 
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Snoirdon  in  Caernarvonshire,  ikid  i^me  of 
the  otlier  mountains  in  that  count}^,  fire  frbhi 
threer  thousand  four  hundred  to  three  tliou- 
dand  five  hundred  and  seventy  feet^b6v6  the 
level  of  the  sea,  which  is  above  bnte  h'Qndrtfd 
yttrds  higher  than  any  of  the  mountaihs  in 
.Cumberland.  A  magnificent  Vifefw  of  that 
part  of  the  Cambrian  rang*  il^hicK  extendi 
thtough  Caernarvonshire,  is  seeh  from ''  the 
southern  point  of  the  Isle  of  AngTesea;-  bhf-^he 
entrance  of  the  Menai;  here  the  whole  W  the 
Snowdonian  mountains  may  be  comprised-  in 
one  viewiVom  Penmatimaur  on  the  northern 
eitast,  to  the  conical  mountains  called  the 
Ri\njs  on  thC'  furthest  southern  ext^mity  of 
the  coullty,  Snowdon  rising  imrnediately  in 
the  midst  of  this  range. 

'Rocks  of  lime--stone  containing  lead  and 
^c;  similar  to  the  lime-stone  of  the  northern 
range,  compose  many  of  the  mountains  oni:he 
easterti  side  of  North  Wales ;  some  det^cliisd 
oftil  fields  occur  on  the  lower  declivities*  of 
thes^ 'hills,  and  in  basins  or  troughs  iri  the 
cMnties  of  Flint  and  Denbigh/  This  IRne- 
stone  rests  upon  different  varieties  of  slate 
rock,^  which  iare  'seen  rising  from  under  it  as 
we  proceed  west.     In  this  direction  we  meet 

Milh 


S9it  vmjMK  t>f  sutonwi 


with  «f  s^bSemhn-hf  meootiwi^'i^ 
compo&id  i€'f!^  tfd 

tidmdg' copper"^  pyrites,  ntkd  '<>e(m$Hlttally  ifi^ 


m^  ilate^tff  Nbrtk^lVyeA  #  wtU  as  m  ttet 
dTibe'bi^Ki^  Alps^-iirhicii  mliy  serve  to  pirdv<»' 

pli^'fo  ^bt^?'  N6  cbMiae^  rocks  of  ^' 
irit^>«A^  khoim  to  fisei^ 

griifeiitft  iftcH^ait^  tiut  it  ^xisft  tt  ptittf  of^ 
distnde,' 1«(tti}8d  M  AngW^M  The  roiUmilt 
Aii^eseA'^i^'^^fillf  a  low '^lefation, ^mA 

tached  peaks.  Large  blocks  of  ektoremdiy 
hard  green-stdne  lie  near  theiillftire^]^{^pMte 
Bangor  ferry,  to  a  narrow  cavity*  "M^bariU 
running  from  near  the  centre  of  tne^iataBd 
northwards  to  the  sea^  there  is  a' detadbed 
coal  field,  which  I  am  informed  by  Mr. 
Farey  rests  upon  lime-stone.  The  beautiful 
serpentine  of  this  island  has  been  described : 
see  page  94. 

Tiie  western  side  of  the  island  of  Anglesea 
abounds  in  rocks  allied  to  serpentine,  parti- 
cularly 


inti^,  ^s^'miof^.ielate,  intersect^  ^  a^fUtU 
hMDUififQf.qmrUy  which  lu^  j«i,  apoM^  i  pi|Kt;a 
^tw^b^jaod  p^ndWl^. in  others  they,  are  «f)r 
gularly  wav^fi.&ad  cQQtorted*  I  cop^i^ec  th^ 
ipMNHilate .  HMr  Sray  and  B^ilUpey  oa< the 
opfl^site  coast  of  loelaod,  as/a  cootinuatioo 
o^tbe  .flaioe  rock;  and  as  the  Jb«Min;af  ftV 
Irifh  channel  is  no  where  deep  in^.tjbi&direo* 
tiofi^*  it  jBplight,  I  conoeiver  not  h^  ^^^^^BfOfr 
4il^i9»iM^ugh  it  would  certainly  heiuopro^t^ 
•^]%'^jfi[>rm  a  tunnel  under  the Jrish  ch^ojaiej^ 
13)0r9.  )a  )onQ  at  present  formed  at  a  greater 
depthoundeir  the  surface  in  the  county  of 
Dkirhaaiy  <fv^h  extends  oqe-fifth  part  oi|  the 
distance,  supposing  the  work  to  commence  on 
cuch  si^t<)»  t 

^f  Oa  theHMstern  side  of  jRadnorshirCt  near 
(Md  Ba^npr,  are  two  mountains  called  Hun* 
ter,.j|iid  Stanner,  which  are  principally  com- 
yiapd  of  a  greenish  mineral  substance,  nearly 
allied  to  serpentine,  called  by  mineralogists 
diallage  or  smaragdite ;  it  is  intermixt  with 
steatite.     Further  west,  at  Llandegley,  there 


^^^^.■■•i^p" 


*  I  have  not  a  chart  of  the  aoumfingi  to  refer  to,  but 
I  believe  they  are  net  more  than  leventy  Isthom  m  any  part. 

is 
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is  a  range  of  jagged  rocj^s  codvposed  of  cel- 
lular clay-stone,  which  resembles  lava :  the 
cells  are  compressed,  and  lined  with  hema* 
titc.  Sulphurous  springs  and  beds  of  sul- 
phurous lime-stone,  with  the  shattered  ap- 
pearance of  the  rocks  in  this  part  of  the 
county,  all  impress  the  mind  with  the  belief 
of  the  former  agency  of  subterranean  fire. 
Similar  indications  may  be  traced  from  Shrop- 
shire in  this  direction  to  Cader  Idris  in  Me- 
rionethshire. Cader  Idris,  one  of  the  lofti- 
est mountains  in  that  county,  has  near  its 
summit  a  vast  conical  cavity  resembling 
a  volcanic  crater:  the  north  side  of  the 
mountain  is  covered  with  scattered  basaltic 
columns  composed  of  porphyritic  green-stone 
already  described  in  the  fifth  chapter.  An  in- 
,  teresting  sketch  of  a  group  of  these  columas, 
taken  by  Henry  Strutt,  Esq.  of  Derby,  with  a 
camera  lucida,  is  given  Plate  V,  and  may 
be  relied  upon  as  a  correct  representation, 
without  thatjieightening  of  the  effect  which 
we  are  insensibly  disposed  to  give  to  striking 
objects  when  copied  by  the  eye.  The  accu- 
rncy  of  the  outline  will  be  more  valued  by 
tho  mineralogist  than  the  tints  and  shades  of 
a  finished  drawing.  The  figure  was  intro- 
duced 
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dticed  in  the  sketch  as  a  standard  of  com*> 
parison.  The  crystals  or  columns  represented 
in  this  plate,  were  observed  in  an  excava- 
tion on  the  north  side  of  the  mountain^ 
after  an  unusually  violent  thunder  storm 
which  had  taken  place  a  few  weeks  before. 
The  surface  of  the  ground  appeared  recently 
torn  up,  and  the  colour  and  angular  sharp- 
ness of  the  columns  further  proved  that  they 
had  been  exposed  but  a  short  time  to  the 
atmosphere,  which  soon  changes  the  colouif 
of  this  stone,  and  renders  it  considerably 
lighter.  The  original  position  of  these 
columns  has  evidently  been  disturbed  by 
some  violent  concussion.  Thb  circumstance 
was  referred  to  in  a  preceding  chapter. . 
The  reader  will  excuse  the  repetition,  as  this 
mountain  presents  objects  particularly  in- 
teresting to  the  geologist,  there  being  no 
other  situation  in  South  Britain  where  the 
columnar  structure  of  the  rock  is  so  stri*^ 
kingly  displayed   on   a  large  scale. 

The  mountains  on  the  north  side  of  Radnor-* 
shire  are  principally  gray  wacke  passing  from 
greenish  schistose  sand-stone  to  coarse  slate. 
I  was  shown  a  number  of  detached  rock  cry- 

2  D  stals 
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stals  found  in  the  soil  in  one  part  of  the 
county,  which  rei^emble  in  every  respect  the 
stones  from  Cairngorum  in  Scotland;  but  I 
had  no  opportunity  of  examining  the  situa« 
tion,  to  discover  if  any  rock  existed  in  the 
vicinity  which  contained  similar  crystals. 

The  rocks  which  bound  the  coal  field  of 
South  Wales  on  its  western  extremity  in 
Pembrokeshire  are  composed  principally  of 
hornblende  and  felspar,  intermixed  in  vafh 
ous  proportions.  With  these  are  associated 
schistose  rocks  and  others  resembling  a  fine 
grained  conglomerate.  These  rocks  in  their 
structure  and  constituent  parts  bear  %  stri- 
king resemblance  to  the  porphyritic  sienites 
and  other  rocks  on  Chafnwood  forest  ia  Lei-* 
cestershire. 

I^ime-stone  abounds  in  the  southern  parts 
of  Wales;  it  is  the  foundation  rock  of  the 
great  coal  field  extending  from  Pembroke- 
shire to  Monmouthshire,  and  may  be  seen 
rising  from  under  the  coal,  and  forming  the 
boundary  of  the  coal  strata  which  lie  ar- 
ranged in  an  extended  concavity  formed  in 
this  lime*stone.  The  principal  mineral  trea- 
6ur^  of  the  alpine  districts  in  Wales   are 

copper, 


oBotoGY  OF  sngland;  403 

copper,  lead 9  and  slate ;  and  of  the  less  ele-^ 
vated  districts,  coal  and  iron-stone:  but 
much  remains  to  be  done,  and  many  years 
Trill  probably  elapse  before  we  are  accurately 
acquainted  with  the  mineralogy  of  this  part 
of  the  island.  Perhaps  there  are  few  di*- 
stricts  in  Europe  that  contain  more  hidden 
treasures  that  would  amply  reward  the  pro^ 
prietors  for  the  expense  or  labour  of  scienti* 
fie  research. 

The  Devonian  range  spreads  through  part 
of  Somersetshire,  passing  through  Devon* 
shire  and  Cornwall,  and  terminates  at  the 
Lizard  Point  and  the  Land's  End.  Similar 
rocks  make  their  appearance  in  the  Scilly 
Islands,  in  the  islands  of  Jersey,  Guernsey, 
and  Alderney,  and  on  the  opposite  coasts  of 

« 

France.  The  highest  part  of  this  range  is 
formed  by  the  mountains  of  Dartmoor  in 
Devonshire,  which  is  stated  at  fifteen  hun* 
dred  feet  above  the  level  of  the  sea ;  but  few 
of  the  mountains  in  Cornwall  have  more  than 
half  that  elevation.  Tlie  strata  of  the  middle 
district  rise  at  an  elevated  angle  as  they  ap* 
proach  the  granite  rocks  of  this  range* 
Metalliferous  lime-stone  and  slate  or  killu 
forin  the  western  boundary  of  the  coal  di- 

2  D  2  ^^  strict 


»      * 


.« 
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strict  in  Somersetshire,  and  range  along  that 
county  into  Devonshire  and  Cornwall. 

A  chain  of  granite  mountains  extends  from 
Dartmoor  in  Devonshire  to  the  extremity  of 
Cornwall.     Their  declivities,  and  sometimes 
their   summits,   are  covered  with   rocks   of 
slate  and  killas,  and  occasionally  by  variously 
coloured   lime-stone.     The   killas   of   Corn- 
wall appears  to  occupy  the  place  of  mica 
slate ;  the  finer  kind  has  a  silky  lustre,  and 
seems  nearly  allied  to  that   rock.     At  the 
Lizard  Point  the  rocks  of  granite  are  covered 
by    a    schistose    micaceous    rock    and    by 
serpentine ;     but    the   latter  is  for   inferior 
in    beauty  to    the    serpentine    in    Angle- 
sea*.   Rocks  composed  of  diallage  occur  near 
the  serpentine  in   Cornwall.      Soft   steatite 
called  soap  rock,  very  much  valued  in  the 
manufacture   of  china,  is  found   imbedded 
in  serpentine.     Decomposed  white  felspar  or 
kaolin,  produced  from  the   granite  rocks  of 
ComM'all,  is  also  employed  in  the  manufac- 
ture of  china  and  the  finer  kinds  of  pottery. 


*  Those  parts  of  the  alpine  districts  where  granitic  or 
bchistose  rocks  occasionally  rise  te  the  sur&ce  are  shaded 
by  Ihies  in  the  Geological  Map,  { 

Slate 
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Slate  and  marble  are  supplied  from  many 
parts  of  the  Devonian  range ;  but  the  trea- 
sures for  which  this  part  of  England  is  most 
distinguished  are  the  ores  of  tin  and  copper. 
For  the  former  our  island  was  visited  by  the 
first  commercial*  nations  of  antiquity.  The 
mines  of  tin  are  far  from  being  exhausted; 
but  the  ore  must  have  been  more  abundant 
formerly  than  at  present.  This  is  evident 
from  the  pebbles  of  tin  ore  found  a  little 
under  the  surface  in  the  plains  and  valleys  of 
CornwalL  Tin  ore,  or  tin  stone  as  it  is  called 
by  mineralogists,  is  extremely  hard,  and  there 
can  be  little  doubt  but  these  water-worn 
fragments  once  formed  apart  of  regular  veins 
which  intersected  mountains  that  have  been 
decomposed  and  worn  down.  From  the 
manner  in  which  this  ore  is  procured  by  re- 
moving and  washing  the  surface  of  the 
ground,  it  is  called  stream  tin.  The  deepest 
mines  in  Cornwall  are  that  called  Cook^s 
Kitchen,  which  is  four  hundred  and  twenty 
yards,  and  the  Dolcoath  mine,  which  is  at 
present  worked  at  the  depth  of  four  hundred 
and  fifty-six  yards  from  the  surface.  Tin  stone 
is  sometimes  disseminated  through  granite. 

A  black 
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A  black  crystallised  mineral  called  i^chorl, 
a  species  of  tourmaline,  is  also  intermixt  with 
some  of  the  granitic  rocks  of  Cornvvall,  and 
sometimes  constitutes  the  principal  part  of 
the  rock.  Beside  copper,  tin,  and  lead,  this 
range  contains  ores  of  silver,  cobalt,  bismuth, 
manganese,  antimony,  zinc,  and  iron.  Pieces 
of  native  gold  are  occasionally  discovered  in 
the  sands  of  rivulets  in  a  similar  situation  to 
stream  tin;  some  of  these  pieces  are  ad 
large  as  a  field  bean.  All  the  known  me^ 
tals  are  found  in  Cornwall  in  greater  or 
snaller  quantities,  except  platina,  mercury, 
molybdena,  tellurium,  tantalium,  columbium, 
and  cerium. 

The  annual  value  and  produce  of  the  cop- 
per and  tin  from  the  mines  in  this  district 
were  as  under : 

Copper  ore.    Copper.    Per  ton. 

(Cornwall     73,434  —  7118")    £.  £. 

l^S  ^Devon  3,725  -    369/  ^07  ~  781,348 


Cornwall 


72,038  —  6972  ) 

',^  _„.V    122  —  fi7J 


■^S^bevon  3,210-    365  ^    '22  -  875,784 

fComwaU    76,525  —  6651? 
^8l0[Devon  3,713  -    354^    ^^»  -  »69>376 

SCornwaU    70,000  —  5948) 
^^•l^Devon  3,540-    323 J   125-767,379 

Average 
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Average  annual  value  of  tin  £. 

ToDi. 

From  1790  to  1800,  per  ann.    3245  227,047*  • 

♦ 

In  a  general  view  of  the  geology  of  En- 
gland, the  hot  wells  and  warm  springs  must 
not  be  neglected.  The  warm  springs  in  Der«* 
byshire  vary  in  temperature  from  58  to  82 
degrees,  though  each  spring  preserves  the 
same  degree  of  heat  except  in  situations  where 
the  waters  have  been  intermixt  with  those 
near  the  surface  by  excavations  made  in 
mines  or  by  other  causes.  The  effects  of 
internal  heat  appear  to  extend  under  the 
whole  district  that  contains  basaltic  amyg« 
daloid  or  toad-stone,  for  the  rivers  of  this 
county  are  rarely  frozen  except  in  still  situa- 
tions when  the  thermometer  is  litlle  more 
than  10  degrees  above  zero.  A  very  sensi^* 
ble  degree  of  warmth  may  be  perceived  in 


*  This  account  of  the  produce  of  the  Cornish  ores  is 
extracted  from  the  article  Mines  in  Dr.  Rees's  Cyclq^edia^ 
to  which  I  refer  the  reader  for  an  excellent  statistical 
account^  by  John  Taylor^  Esq.  The  advantages  of  local 
and  practical  information  which  this  gentleman  possessed^ 
combined  with  requisite  science^  render  the  whole  of  this 
article  particularly  deserving  attention. 

the 
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thq  water  of  the  Crumford  canal  between 
Matlock  and  Crich,  and  numerous  exbala* 
tions  from  warm  springs  may  be  frequently 
seen  rising  from  the  neighbouring  hills.  The 
warm  springs  of  Bath  and  Bristol  have  a 
much  higher  temperature  than  those  of 
Derbyshire,  owing  probably  to  their  being 
less  intermixt  with  the  waters  near  the  sur- 
face, as  they  issue  from  fewer  apertures. 
It  has  been  remarked  that  warm  springs  are 
principally  confined  to  basaltic  and  volcanic 
countries.  In  Iceland,  in  the  Azores,  in  Si- 
cily, in  Italy,  and  various  parts  of  Europe 
not  distant  from  volcanic  or  basaltic  rocks, 
numerous  warm  springs  exist;  but  in  the 
whole  of  the  United  States  of  America,  where 
there  are  few  basaltic  rocks,  warm  springs 
arc  scarcely  known  ^. 

These  remarks  are  confirmed  by  the  situa* 
tion  of  the  warm  springs  in  Derbyshire,  sur- 
rounded by  beds  of  basaltic  rock  nearly  al- 
lied to  lava.     The   hot  springs  of  Somersetr 

»■■!■'  ■  ■■■■■  IP.!  .1111  ■  ■■>ll 

^  Essai  sur  la  Geologic  de$  Etats  Unis,  par  W.  Maclitre, 
r^  Journal  de  Physique,  Warm  springs  are  said  frequently 
to  rise  on  the  side  of  l)asaltic  dvkes* 

shire 
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$hire  are  situated  on  the  western  side  of  the 
island,  not  far  from  the  line  of  basaltic  rocka 
extending  from  the  coasts  of  Wales  and  Ire« 
land  to  the  Hebrides,  and  terminating  at  its 
northern  extremity,  in  the  volcanic  mounr* 
tains  of  Iceland.  It  will  scarcely  be  denied 
tiiat  the  boiling  fountains  or  geysers  of  that 
country,  and  the  warm  springs  of  Italy,  Sicily, 
and  St.  Michael  in  the  Azores,  derive  their 
temperature  from  subterranean  fire ;  and  it  is 
contrary  to  the  established  rules  of  philo^ 
sophy  to  multiply  causes  and  seek  for  other 
sources  of  heat  in  the  waters  of  Bath  of 
Buxton. 

The  former  have  preserved  their  high  tem* 
pemture  for  two  thousand  years :  hence  it  is 
obvious  that  they  rise  from  a  great  depth, 
far  below  the  effects  of  those  changes  which 
take  place  near  the  surface.  It  is  further  re- 
markable that  the  hot  wells  of  Bath  and  the 
boiling  fountains  of  Iceland  both  contain  in 
solution  siliceous  earth,  one  of  the  most  in- 
soluble substances  in  nature:  the  similarity 
of  their  contents  affords  a  further  confirma- 
tion that  they  derive  their  heat  from  the 
^ame  cause,  and  we   have   every  proof  the 

subject 
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subject  will  admit  of  that  this  cause  is  sub* 
terranean  fire*. 

We  have  no  record  or  tradition  of  Tolcanic 
eruptions  in  our  island  ;  hot  springs  are  the 
only  pbaenomena  that  clearly  indicate  the 
existing  activity  of  subterranean  fires :  but 
if  the  igneous  origin  of  basaltic  rocks  be 
established,  we  have  abundant  evidence  of 
tiieir  prior  operation  on  an  extended  scale 
from  the  centre  of  England  to  the  Irish  chan* 
neU  and  from  thence  to  the  furthest  extremity 
of  Scotland.  Nor  is  it  impossible,  or  highly 
improbable,  that  volcanic  fires  may  again 
break  out  on  the  western  side  of  our  island : 


• 

*  Temperature   of  the  Hot  Waters  in  England,  and 

some  other  parts  of 

Europe, 

FahreDheit. 

Bristol                —          — 

—          74» 

Matlock «  _     —        — 

—           66 

.  Buxton      —    —         -— 

^            82 

Bath          —    —           - 

112  and  116 

Vichy,  Auvergiie,            — 

—            120 

Carkbad,  Bohemia,        — 

—           165 

Aix  la  Chapelle,  Flanders, 

—           US 

Bor&et,  near  Aix  la  Chapelle^ 

—           132 

]Bareges^  South  of  France, 

—           120 

the 
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the  iuteroal  agitatkm  of  the  waters  of  Kes- 
wick lake  in  Cumberland,  called  the  ^  bottom 
wind/  and  the  subterranean  noises  and  earth* 
qilakes  frequent  near  Comrie  in  Perthshire, 
may  with  much  probability  be  classed  with 
volcanic  phsenomena.  A  volcano  that  was 
dormant  for  more  than  two  thousand  years 
suddenly  broke  out  in  Calabria  in  1702 ;  and 
Vesuvius  is  known  to  have  had  periods  of  re- 
pose for  several  centuries.  The  inhabitants  of 
Pompeii  and  Herculaneum  had  as  much  con- 
fidence in  the  stability  of  nature  as  the  pre* 
sent  inhabitants  of  Bath,  when  they  were 
overwhelmed  in  a  moment  by  a  volcanic 
eruption  which  buried  themselves  and  their 
cities,  and  left  no  trace  on  the  surface  of  their 
former  existence.  In  contemplating  these 
great  revolutions  which  have  changed  the 
surface  of  the  globe,  we  are  not  to  consider 
the  powers  of  nature  extinct,  because  their 
periods  of  activity  may  extend  beyond  the 
reach  of  human  observation. 

The  future  is  concealed  from  our  view ;  nor 
would  it  be  wise  to  encourage  the  disposition 
described  by  the  poet,  which  anticipates  re- 
iqiote  calamity,  and 

*^— trem- 
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" trembles  at  impossible  events 

Lest  aged  Atlas  should  resig:n  lus  load^ 
And  heaven's  eternal  battlements  rush  down. 


it 


We  are,  however,  too  much  engrossed  by 
the  present,  and  occupied  with  the  cares  or 
amusements  of  Hfe,  to  be  in  great  danger 
of  having  our  peace  disturbed  by.  speculations 
respecting  the  future  condition  of  our  planet. 
When  earthquakes  and  volcanoes,  those  awful 
ministers  of  nature  and  providence,  desolate 
a  country,  resignation  is  the  true  philosophy 
of  the  sage.  Tlie  evils  which  nature  inflicts 
are  transient,  and  bear  no  proportion  to  those 
with  which  man  torments  his  fellows.  It  may 
fairly  be  doubted  whether  all  the  destructive 
eflects  of  subterranean  fires,  of  lightning,  in- 
undations, and  earthquakes,  since  the  earliest 
records  of  history,  have  produced  half  the 
sum  of  human  misery  felt  in  those  countries 
which  are  the  present  seats  of  war  *.  These 
evils  are  indeed  only  known  to  us  at  a  di* 
stance  :  hence  we  regard  them  with  indiffer- 
ence, if  not  with  complacency,  and  con- 
template a  state  of  warfare  as  the  natural 
and  proper  condition  of  civilized  society. 


*  In  1813. 

It 
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It  is  hoped  tliat  the  sketch  here  given  of 
the  geology  of  England  will  be  received  with 
candour,  if  not  with  indulgence,  as  an  at- 
tempt to  present  in  a  concise  form  the  lead- 
ing features  of  its  mineral  geography.     To 
fill  up  the  outline  and  complete  the  picture 
of  each  district  with  accuracy,  would  require 
the  labour  of  many  active  and  intelligent 
observers,  continued  with  diligence  for  a  long 
period  of  time ;  and  if  we  are  to  reason  firom 
the  little  progress  these  inquiries  have  already 
made,  we  may  predict  it  will  never  be  accom- 
plished.    It  is  now  more  than  two  thousand 
years  since  our  island  was  visited   by  the 
Phoenicians  for  its  mineral  treasures;    yet  at 
the  present  day  almost  all  that  is  known  of 
the  mineralogy  of  England,  is  what  igno* 
ranee  and  chance  have  discovered.     Though 
tin  ore  was  procured  from  Cornwall  in  the 
earliest  ages  of  the  world,  the  ores  of  copper 
in  the   same  district  were  totally  neglected 
till   the   beginning  of  the   last  century,  and 
much  later  most  of  our  utensils  of  copper 
and  brass  were  imported  from  the  continent. 
In    Derbyshire,    where   mines    have    been 
worked  since  the  time  of  the  Roman   con- 
quest, one  of  the  richest  oreiJ  of  lead  was 

unknovvq 
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unknown  imd  thrown  away  so  late  as  the 
jrear  1804 ;  and  the  ores  of  zinc  were  em- 
ployed for  mending  the  roads  in  that  countyi 
in  the  memory  of  many  persons  now  living. 

An  acquaintance  with  the  mineral  products 
of  our  own  country  forms  no  part  of  what  is 
deemed  a  regular  course  of  liberd  education ; 
and  in  general,  landed  proprietors,  however 
enlightened  on  other  subjects,  know  little 
more  of  their  own  estates  below  the  soil  and 
the  sub-soil  than  their  ancestors  in  the  dark^ 
est  ages  of  our  history.  Very  few  situations 
have  been  scientifically  examined  to  ascertain 
the  nature  and  quality  of  the  mineral  sub- 
stances they  contain,  though  such  an  ex- 
amination could  scarcely  fail  to  reward  the 
labour  of  research,  and  would  frequently 
open  new  sources  of  wealth  to  the  proprie- 
tors, and  prove  a  public  benefit  by  uiulti- 
piying  the  objects  on  which  national  industry 
might  be  profitably  employed  The  combi- 
nations in  the  mineral  kingdom  are  so  in- 
finitely diversified,  that  scarcely  two  situa-* 
tions  in  the  same  district  agree  precisely  in 
their  mineral  products,  and  even  the  same 
bed  or  stratum  often  varies  greatly  in  its 
qiialitv  in  different  parts  of  its  course.     In-^ 

stances 


stances  are  not  unfrequent  of  proprietors  of 
estates  purchasing  from  a  great  distance  the 
very  substances  which  they  possessed  on  the 
surfiice  of  their  own  ground.  A  gentleman 
of  high  respectability  near  Bath  lately  in- 
formed me  that  for  more  than  thirty  years 
he.  had  procured  at  a  heavy  expense  from 
Wales,  at  the  distance  of  one  hundred  miles^ 
a  particular  lime-stone  which  cements  under 
water,  for  the  use  of  his  extensive  coal  mines 
in  Somersetshire.  Walking  one  day  over 
his  estate,  he  picked  up  a  stone  from  the 
projecting  rocks,  and  was  struck  with  its 
resemblance  to  the  Welsh  lime-stone :  he  or- 
dered a  trial  to  be  made  of  it,  and  found  it 
in  every  respect  similar,  and  has  continued 
to  use  it  in  his  works  ever  since.  Numerous 
instances  of  the  same  kind  might  be  cited. 
Indeed  there  are  few  extensive  estates  whose 
value  would  not  be  greatly  increased  by  a 
correct  knowledge  of  the  mineral  substances 
they  contain.  The  well  known  maxim  cf 
Lord  Bacon,  that  knowledge  is  pozs^er^  is  par- 
ticularly applicable  to  this  subject ;  for,  as 
^  Sir  John  Sinclair  has  justly  stated,  "a  know-^ 
r  ledge  of  our  subterranean  wealth  would  be 
the  means  of  furnishing  greater  sources  of 

opulence 
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opulence  to  the  country  than  the  acquisition 
of  the  mines  of  Mexico  or  Peru  */' 

*  This  knowledge  would  frequently  save  landed  pro- 
prietors from  the  expense  of  subterranean  operations ; 
for  in  numerous  situations  an  acquaintance  with  the  true 
nature  of  the  rocks  or  strata  on  the  surface  would  pre-^* 
viously  demdhstrate  that  the  objects  of  their  research 
were  unattainable. 

The  author  trusts  it  will  not  be  deemed  other  inele* 
▼ant  or  obtrusive  to  refer  the  reader  to  thenotioe  prefixed 
to  the  Appendix  of  the  present  vdome^  explanatory  of 
his  pursuits. 


CHAP- 
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CHAPTER  XV. 

On  the  Crystallization  of  JIfountain  Masses.— 
Variation  of  Polar  Magnetism. — Geological 
Tlieories. — Formation  of  Planetary  Bodies. — 
Appearance  of  new  Stars. — Inferences  and 
Conclusiofi. 

X  H  £  particles  of  all  solid  bodies  that  can  be 
dissolved  by  heat,  or  held  in  solution  by 
fluids,  have  a  tendency  to  unite  when  slowly 
cooled  or  evaporated,  and  to  arrange  them- 
selves into  regular  forms  called  crystals.  The 
Author  of  nature  has  impressed  on  different 
mineral  substances  determinate  forms  that 
distinguish  them  from  each  other.  The  laws 
by  which  the  arrangement  of  the  particles 
takes  place  to  produce  the  various  crystallin 
zations  in  the  mineral  kingdom  have  been 
most  luminously  developed  by  the  labours  of 
the  Abbfe  Haiiy.  Hitherto,  however,  cry-^ 
stallization  has  been  considered  as  almost 
entirely  confined  to  minute  portions  of  matter: 
its  effects  on  a  large  scale  have  not  been  re- 
garded ;  and  where  they  have  forced  them- 
selves on  the  attention  of  the  most  careleas 

2  £  observer. 
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pj^xyer^  attempts  have  been  m^de•^Xp  deuy 

their  existence^  or  attribute  to  tbero  a  for- 

Oil.*-'  '      ■ 

4:uitous  origin.  A  iqore  enlarged  aad  ^t- 
lentive  view  of  nature  will,  I  believe,  owo- 
^,yince  us  that  the  laws  of  crystallization  have 
extended  to  the  great  masses  of  matter  de- 
nominated mountains,  and  perhaps  to  the 
:  micleu^  of  our  planet  itself.  That  thi^  stpruc- 
ture  of  many  mountains  considered  as  str^* 
i^ad  10  owing  to  crystaUiKatioQ,  wiUL  \  coih 
^Yj^  iMiWt  of  d^^t  proof.  Tp  uqiJerMavd 
^  sufay«pt  more;cWarlyt  it  will  be  nec^ssaiy 
tQ;^>egiQ  wVdck  tbo^e  rocks  whose.  ciy6(alU»T 
kioQ.  eii)  m<w«  is  most  discajmiblet  I.  mnw 
the  basaltic  rocks*  Wbeo  the3e  first  at- 
tracted the  attention  of  the  scientific  world» 
various  theories  were  advanced  to  account 
for  Uieir  formation ;  but  until  the  experiments 
of  Mr.  Keir  and  Sir  James  Hall  had  demoiv* 
blrated  that  basalt,  vitreous  lava,  and  evea 
glass,  will  cissume  the  stony  texture  and  cry* 
htalUne  form  if  slowly  cooled  from  a  state  of 
fusion,  the  origin  of  basaltic  columns  appeared 
involved  in  much  obscurity.  The  regularity 
of  thew^  columns,  and  the  distinct  articulation 
of  the  several  prisms  of  which  they  are  fie» 
quently  composed?  see  a.  plate  lU.  figure  L 

will 


lIomiTAflf  if AM[8/  4  i§ 

wiHf 'tiot  tfllow  us  for   a  moment  f d  i^p- 

pSib  tHdt  they  Are  fortnitous  rehCii'^M-  s«&]M6, 

dcck^ioned  by  ^the  d^jrirtg  or  sblinkii^g'-'iii 

of  the   bA^ait.     These  forms' Are  a9  "644^ 

detitl}^  the'  result  of  cffstallizatioh  us  thhMe 

of  thfe  crystals  called  gahiet  6r'1ihe  t(*mi^ 
line'*  ''  '  .'  '  'Hi   :}i'\C;iii\'\'^  i 

'  It  hd$  been  befofts  bfsttcld  tHiit  bldMOtfd  ^nd 
gMniti^  ^  rdcktf  frequently  'boiirtidiii  '^globesf, 
>#hick  ^ttiist  of  ii<mctinftHb  i^  neh'  D 
)pl)site^I)L  figure  1;  SoMM^es  (Ibe^  globes 
'dritf'  radiated,  m  othet' instahireis  ^  t3ll6' '^otites 
4i{iptar  to  h^ve  been  compressed  agctinsC'tach 
lother,  and  thehr  Sides  flattened,  as  in  C  fig'.  !• 
When  the  comprcfssion  takes'  place  tiri  eM^h 
«de  equally,  hexagonal  prisms  will  \M'  pro* 
duced.  Similar  balls  are  found  in  the  bac 
salts  of  Auvergne  and  in  turious  other  sittaa- 
tions.  Dolonmfu  observed  balls  with  diver- 
ging rays  in  the  products  of  -ffitna^. 

null    ^0tm'    imnm  t    nf*^9'mtttm<i»    ^>»»^y*.    ii«»»  >■  ■  !■   »4ii^»pi»>«^^><— ^k>» 

■ 

*  Plate  III.  fig  1.  £•  U  inUsded  to  represent  a  eoluQi9|y 
in  which  the  prc^gecting  points  seen  in  fig.  a.  are  decon)« 
posed. 

f  The  balk  firom  Vesuvius  which  I  have  seen^  called 
volcanic  botnbi,  are  evidently  of  a  different  fbnnatioD, 
consisting  of  pieces  of  lava  which  had  jtaken  ^  glohiw 
form  in  the  air  at  the  time  of  their  ^eetim,  when  in  a 
melted  and  fltud  state. 

2  b2  In 


4H  MTMaiMAfmi  «r 

^M  the  experinnent  of  Mn  G.  M^iatt 
loelted  basalt  before  stated,  spheroids^MM 
iachea  in  diameter  were  formed  iaithe  stoeaii 
Irfaick  iwere  composed  of  concetitrio  radiated 
C9at8 ;  in  other  instances,  bj  the  enlargement 
of  i  the  spheroids,  the  sides  were  compressed} 
and  they  formed  prisms  or  polygons. 
'/<  Whoever  has  attended  impartially  to  the 
iacts  stated  by  Mr.  Keir^  Sir  Jitmes  Hall^  and 
Mti  liVatt,  and  has  examined  specimaaaiof 
the  {»roducts  of  their  eKperiments^  €an)ScaieQdy 
doubt  thM  the  columnar  and  globidbur  storiOk 
tore'  of  .rocM  is  the  reisult'Of  erystaUuie^ 
rangdment.  Hiatv  the  elafiy  ^and  /  tabafar 
fiitnicturevof  rocks  is  also  tbav  msultniof 
cfystalUzation  may  be- less  obvidus^Ebufril 
t^ink  is  jGLOt  less  certain.  It  is  iMBjbed^b]^ 
jPerrare,  that  slate  brought  to  ta  3tQle  of 
fusion  has  been  observed  to  asdame  the  ahtj 
structure  again  when  >  slowly  cooied.;  and  it 
ist'SdjOGutted  that  the.  tendency  to  -a  slaly 
structure  in  most  stones  is  owingv-  to  the 
miba  they  contain.  Now  no  one  wiU  jdenj 
jdiet  the  lamin^&  ofr  mica  are  the  nesult  cf 
^e  crystalline  arrangement  of  the  paniciltti 
add  not  of  mechanical  deposition*;  toidithe 
iDstandes  b£>the>hminiB»of.s|ptiS:)dindltngjiiiM 

contrary 


contrary  direction  to  that  of  the  tikbulat  nfir^s, 
are  a  dear  proof  of  the  <;ry8taiUne  anraOg0X 
msDt  of  the  rocks  in  which  they  -  occur: 
Seroivitreous  lava  is  not  unfirequently  diTidid 
by  hori^ontial  seams  into  tabular  masses  raa 
sembltng  the  divisions  oF  stmtified  rockv; 
but  it  will  not  be  contended  that  luch  lava 
is  stratified  in  the  commM  acceptfttiofi4^f'the 
term :  lior  do  I  thmk  we  havi^  in b^e^reason  td 
consider  the  tabular  masses  6f  grttait^^  por- 
phyry, or  slate,  as  the  effect  of  stratification. 
Tbey  may  iK)metimes  be  the 'result  of  me- 
chanical  separation ;  but  sUch  partings  hare 
generally  =  rough'  uneven'  iktes^  which  di- 
stinguish them  from  those  divisions  which 
are  the  effects  of  crystalline  arrangement. 
The  tabular  masses  distinguishable  among 
the  columns  of  C!ader  Idris  are  evidently 
crystals :  see  plate  V. 

The  tendency  of  unorganic  matter  to  as^ 
sume  crystalline  forms  is  so  powerful,  that 
it  is  in  some  instances  able  to  produce  this 
arrangement  in  the  particles  of  solid  bodies 
at  a  temperature  much  below  that  of  fusion, 
and  even  in  the  common  temperature  of  the 
atmosphere.  In  the  experiments  of  Mr. 
Watt,  the  changes  took  place  and  the  cry* 

stals 


■ 

t)i«,  aumngei^nt .QC,!tbe,p^rticle%  ^  HieL  fw^ 

tlnWi'ltatM  that  ^*  uutsoic^es ,  (evtwt  ^(«  .•!«? 
infurkaJ«)0  J^ave  ^^ec^.  k^iowpi  and  afitb^^ 
flf4eii»  ^tibougbpertk^pst  tbey :bav«  ,Bot . gra9> 
IA%  be§|i,  logarded.fiTitb  tbe:fitt;9iitt0|9t.Uiej^ 
d^H!^rv(^j.^Qlaq».ve84(9l»'fire  weU  known  .t<»,b« 
Q^lPkyi^rUblei/ Afi^o  fi^amnur's  {Kueoelain  Jpij^itiM 

i;«^i]ji,i[k;^.£»r  their  &isiao«  .^iie  c)ittOge  pi  glMi 
y^tfi  j  B^ftiww it's  .  pof celaio  ck>es  not  innaer  from 
fu^  evaporation  of  the  alkali,  ast  haa  beet} 
fPlUeged,  but  from  ^  regular  arrangement^ 
^.^ttiQlacule^.of  the  glass.  ,It  ^oHUBKenoefl 
Ijj^.t^  fprwat^on  of  fibres,  perpendif^iilar  to 
iJ^  £.ujrfaoe  Oif  the  j^ass,  and  peiii^tratii»g  rato 
\fif ;;  Atonearly  the  same  tiiBe^  smaller!  :xadi^ 
fiitod  globujif/}  are  formed  m  th(^ iaterior.  ttf 
the  glass,  and  the  union  of  these  with  >tb0 
^leSf  bjy:  thek  mutual  increase,  ibims .  the 
VJhole  ioto.^«  new  iSubstance ;  ^  and  if  Irhe  jns* 
^a\sm  tefi^r^ture  be  lQ&|;er  waiAtaiiied^ 

the 


the  fi^s'diMrp{jetfr,<M)tthd  ^(^ 

liil4  grained^  ahd  dftioM^  t6itapaet  %is 
substance,  froth  the  ithprdVed  'Stafi^  6tAta 
iggnegation,  is  tthicfh'  stronger  and  mate  le^ 
nacioas  than  befohs,  ttnd  is*  nt9t  Visible ^td 
heat  sufficient  to  fUse  the  glass  it  Virw  Ibrittfed 
ffoln!  btit  if  that  Aggregation  be  Ohce  "de- 
stroyed; the  glas9  restilt¥hg  fhMH  its  flrsii^ii 
i$ equally  fuAible  "rtrith  the  Wiginal  glens;  ^hd 
ft  repethiOi)  df  the  proeeoft  trill  tstgBM'^itt^ 
Iteftu«hdt^fii  poreelain,  >M^lnch  ififtybe  tfgilifi 
ft»ed,  and  so  on  repeatedly; Ibr  the^q«mtity 
ef  alfeali^^evapOAtted  dtn^ng  the  dp^fatic^^^^ 
extremely  sin«ll.  The  hMpdnes^  aftd  bfittkK 
AeM^  of  fnetals  i^pidly  eooled;  eotitrtrined 
trith  the  efoftness  and  tenacity  nasulthig  froM 
their  gradual  refrigeration,  are  all  analo^^oosi 
instances;  and  all  the  processes  in  -^hi^h 
annealing  is  employed,  and  more  remarkably 
the  tempeiing  of  steel, '  are  proof?  of  tbd 
internal  motions  and  arrangement9  of  ^ 
particles  of  matter,  at  temperatureei  vetf 
much  below  the  heat  requisite  for  their 
fluidity.*'  i'^ 

Examples  of  the  particles  of  solid  nrnttkr 
changing  their  mode  of  arrangement  at  the 
conraiea  temperature  of  the  atoKfephere  afe 

furnished 


^^l^e^H.fey  Aii^uccessivp  .depo8k^«ia  of  .<^ 
oftff»H^  piWUc\fi».  over  ea^^  o|;h9r» ,  pro^uotag 
cqscfintf^cwpoail*;     tjb^sp  becpiw.,, wd^tusi^ 

f^d  tW.  8t^l«f;tit€i{>lKCQme9  iri^gulac Lji  ogrt 

cfij[pf^:eoHa,  [9paff4  A^t^biipb; .  <liv3dMi<intQii\egulac 
^^jj^omlbifiids^ .  .«^l<tbQt  gnadatiQi^a.  may; be  o^ 
9fS\fd  itf)  iIJm}  9Woe  ^piecimQQ... .  Tb«9iU4i|^ 

t9^9\^  Qf  Aj  a^rtmn  ^degree  .ofi  motion ;.  i  e^^ 

^cted^  yf\m9  matter;  h  apparently  in  ai.qt«l<f 
enoent  8ta,te^  These  changes  i  appear  to.  bfi 
CQnfy^  to  ,  tb^ .  internal  .$true£ur(a  aif  none? 
rfljs.  The  ejt terwl  dfrf ucfcu«.j  ov .  t  thfit :  of 
tb^  mounte^iu  ,m«S9,  ^eems^tQi. require v  tbtf 
l[nqre  ppwerful  op€ir<itiQii  ofotb^r  agwt»i  and 
pbUosoph^r^  hay e  long  bqen  < .  d  ivi^kdl  in^. tb w 
Rpipiw^  , whether.  pti?imary  crystalline  rodkf 
mfp.i iQ<;»M?d  1  .by  .igneoua . r^sip^, v . ox  .ftssm 
jMjtt^jj^iusL^eluUon.  ,  '^'he  latter  ppinioa^supr 

Pfi^te^^^tbjfii'jW^Q!^.  fad.  J^U  4)09^^ 

beei^ 


been  already^  stated.  Thfe  tbe«(]^(»«f'^D»i^ 
HuttoD  sappose^  that  crjstalliiie  robkb  W6t%^ 
formed  from  the  materials  of  a-itKyre  aMi€ii& 
^mirld,  l^sed  by  central  subtertaneto*  heftf^- 
and  that  seoondary  strata  wefo*  cllM^tfornleli^ 
from  the  decayed  '  materials  ^f^>ibrme^<^oliU  ' 

tineats,  carried  down  by  rivets  aiul  de^sihMft 
at  the  bottom  of  the  sea  i  *  'beiDf  at  H-jgfMbCei^. 
distance  from*'  the ' central' ibe»t$^ 'they  vwttitf 
either  imperfbctly  melted^'  or  tuyerbty^  so^M^ct' 
and  consolidatedM»ithoa(i  k>siHi]g^ikhek^  W^ 
fied  stropture.  It*  ^ujqtharisii^oses^  l^t^e^ 
pi;esent  continents  werp  raised  from  tke^oeetiei^ 
by  the  expansive  power  oif  sqbti^rrabean-  fireq 
which  has  bent,  ffActur^^ '  and  ise^ra^ 
^e  incumbent Mr^la.  «ind  eleva/ted'  tfae-^nb-^ 
j^cent  rocksi  Tl^q  parts  of  this  theory  whi^ 
relate  to  thp  formation  of  primary  and  bA^ 
saltic  rotksi^  by  Igneous  fusion^  are  consoheint 
with fitianyvexisting' appearances;'  botit  would 
be  incoippatible  with  -the  plan  of  the  pt^« 
Mnt  work^toenter* intoa  detailed  exposition 
of  its* ^  ments  or  defects^  •i>  have  < ali>i^y 
stated  my  opinions  fully  pm  the  formation  of 
basaltic  rooksy^^  and  sballiurther  observe  tbett 
ti^  crystalline « or  pyramidal  'forms  of  moqn^ 
^i^S|  iiil|K^     |i«queiilly  eiuAteah^  ttstonishf- 

piei^t; 
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siflte'iif  foruBtion^^   -  -•  i^^*'^^^-  »  t,t-. 

i  Tfae  eflrperimbfits  of  Mn  Oi  Wtttrwaf  ttlw 
diictdstB^tlie  eatt66  of  the  V*fiatiod  of  dM 
nsgnetie  tiMdte.'  By  th*  trrang^iMqC  of 
lS»  particlM  of  i  ihe  #tony  mass^  tlief  neqiiiMd 
amafiietie  iitf tioriied^  which  bacamo 0opM^e(N» 
fol^  tfefaat;  fettgbiieito  vrere  oapaUe  of  boifig 
iuapehdedij  by)  >  !the> .  <  tttagoet h  4kh.  iuRjMmst 
kGpti)p»e>uidi  A»  pat^tiori  of't^JMh  o#y^ 
afeallitatfdn  j  and  'thoariMigainiBrit  %ra»  (^flMtei 
whim /timalpaie  (taSF:  ta  a  s«lidrattt0«'<i!i:MiGt 
bemffir rio.f^peam'that  a  difiidrant  ar»ngo^ 
moot  of  the  particteB  by  vartatioii  6£  teOK 
porature  i»  all  titatis  requimd  to  change  the 
magnetic  state  of  the  internal  parts  of  the 
earth. 

1  am  not  aware  that  these  h^lily  interast«i 
ing  experiments  were  considered  by  Mri  :& 
Watt,  or  have  subsequently  been  consideredlr 
by  others,  as  illustrative  of  the  caoto  and 
variation  of  magnetic  polarity  in  the  earth  i 
but  it  appears  fron  them,  that  pothing^moro 
is*  wnntiag  to  give  this  property  to  matter^  ^kh 
such  an  arrangement  of  the  particles  as  oait 
even  take  jilac^^  1^  ehange  of  temperataief 

'  when 


salt  contained  cUd  not  become  ;>mm  metidikr 
bjTitibie^^prQceM  iv^licb  producMirillie  loagiidt^ 
influea:ice« ;  for:  tbiaf  Wasr  at  «itemiMTattm  fir 
l)elori(ViliMio!ti]^<^aDd  tberefore  oriiM^f noftj  iKjCBKr 
skm  :8Qjrioke«iical;ofaangek  sifThiB)  oistence  iif^ 
subtormiieannfiM^  tisq^-  vmimjfiimtQtk/»oi> 
tbeiiplabe,  ^iftifDroyedrJbjr^dMrilfiDg  dniAticaar^' 
oC .  droknanc^  J  dmipttoDf  fiiomfitiie/  ciaotie  i]daM:r 
and:we^<ic»»iiPcrt}iiaflB^  tfadt  ido/^opcratiittif  • 
ci^>tbk^po«?effblr4igMt'aimifliotrasgQl^^  b3r^ 
tfaartsaiDie  detwauMita  Urars  vfaick  govern  the 
external  univtfM*      Wa  .  arer  indeed  ttnto 
qnainted  witkti^caiiies  by  wbiohite  Wtinty 
18  directed  ta  deferent  parte  of  Ae  earth 
in  eucceisien^  bat  such  appears  to  be  the 
fact.    Noir  ve  have  only  to  admit  that  there^^ 
nrnj  be  a  certain  track  abng  whiofa  this  iiw 
ternal  ire  ie  progteesive  end  retrograde>  and 
we  shall  bare  all  the  circmnflifiancea  required 
for  makii^  diiSerent  parts  of  t^  earth  meg*^ 
nettc  in  succession^  and  pradndng  a  varia^ 
tkm  of  nmgnetio  polaiir^  which  has  hither* 
t»  been  regarded  at  an  inexplicable  f^a^no-^ 
meoon^ . 
On  taking  »  Tiew  of  the^  terrestrials  gIobe» 

and 
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i|$)pa»|lvj^f^^tttreia9ndMi9f)^  n '  ^  <  -h  j) 
« 1 1 AU .  giaoW^lstoi  are  agr^d  .ea  one .  ^t^  4;bri2 
Q!ifG^mP^(^  >  <)^(  the  4fj  iaivi  hus  «aoe>!he«ii 
cpiMerjiid  witbf^t)^. .  pcaam  *  .It  46  ,fdbo  ^  c}mdlljt« 
«sjtj^liabedr^fJ^a^H»iafijr  g6nerai9«d  $p^]«l«£ 
^^adniped^/'itfu^i  (existipg-baM'^iMppeaflMi 

tqil^DgtApp^iMrsriikievise  fie^mn^  tjhat  i»titb# 
pcxiodiJyiwfvtheM  great  ^han^efi^ibMikifilac* 
XQSU).waa  iBQt  aPi  inhabitant  of  4l|^f))0n^niio» 
A  stdrte  of  things  so  dider&ntfrom  whdfcwa 
now  observe^^and  imply ing^iKb long  .peiidds 
of  past  duration,  we  find  it  difficult  to  admitV' 
notwithstanding  the  numerous  proofs  by  wbieh; 
itjs  supported.     Our  ordinary  ideas  of  tilBM. 

m 

are  regulated  by  those  revolutions  of  tfaf 
earth  and  moon  that  are  completed  in  days, 
months,  or  years ;  but  there  ai^  othet  revo^ 
lutions  which  require  multiplied  ages  for  theio 
accomplishment  h — though  the  poles  of  the 
earth  are  sensibly  moving  round  the  poles 
of  the  ecliptic,  more  than  twenty-six  thon^ 
sand    ye^rs   mu^t  elapse  to  complete    one 

ecliptic 


If  cbe^ifFereiit'epooWor  VeV6loNlolld>}«<Ui$«ft 
<air 'planet  ^i»  •i^dced^'f^o1(^'^<(M^^^i$eiHi« 
to  its  present  habi«al»te<f^di'b«r'bitdttMl^Bf 
these  giMtrdeii]^(i'^da^  %i<&!i!^<^)ii6>4iHll 
1ie>allow«}  for  ti)««>^i>i6itt<i^Ii^g^^d^tli^ 

Dscksia&a  dtrat«'<tha«  )^^ft>ii^tfte«||l6ycj[)^ 

8i9nf«M4^>'obl8re^tfiil»^^It3iyi«w9Sgqtl3»€lMr' 
fimtef0WMi«ff>4iuliijiMiof{^p#^tKif)8l^  «lMtl! 
we  }f(3«i  m^  diffl^tdtf4n  «Mnllf  C^^kF  <  VifdS^' 
«£>«M(mfwlBtiittr9^'ft»**w^  «^^ii{m)teiy*^'2du 

formed>iWiql»gh  tftithoi%^iithMi(  kPffat^  Kii^^fiM^ 

<-  Iii<tt|eHfte8«Rt-^det* <<>f ' tibtUre  iitr^^t(1^^fH% 
that  iMiiihab  'fihd  iregt^abtes  "«d>rdn6el  %  W 
o«inpar«itiv^ly  ( '^liMr^  |^^bg1r^<Mi> '  tb  InMttiiillJi' V 
wck  {ippenili  alMttb"hat4>ibee«r  th^'dhhl;f 'dP 
nal3br0dn«itiieJ  f{^ti)fi<e^i«>M '  of  ioufi' '  ph)M}  to*  ^ 
t»ii()uiMid)itwbte'steite.J''''What'V^r!du^¥^ 
flections'iamwd  apbti  tbt^  mind^'  if  We 'bi^W^ 
b«iefcoQrt^Dttghw<t»  tile  tiMti'Wt#h'«lii^'Vi^69^ 
swrfa^  Afi'tbe  giobe^i^^lagitated  >b3^'1|i^ai>i' 
'  tadm  anld  bc»yflktitig'el<iiiieritJi'''or  'to''il^ 
sttwi^ding  ifftervtah  'of  re^6,-  Mrh^n  aH'*4iilP 
one'vast'Mitiade^*  ma^l^^^aiifW'n  iH^qA^ 
•'•ii"  pariod. 


nil 
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Imk  of  th«  ^Mation^  Md'  pwiiftMd'  lii^^ 
Jast  gmid'reyolotion  df 'the  glotM  iK^foi^lifie 
ferawtbn  of  maiil  Time  d^fiMntftte^^ 
^gravion  m^bin*  pliuoM;  «M  nMtrltod  by^llMi 
^mitot .  positioiii  I  df  0rgiM«  •  t^mains.  Tlfe 
Ixmei  of  tbe '  mMOidoii  >^  and  '■  anmnioth  aM 
fiHiadliiaBly •  in  die  i up|Mur  atrate  near  of  ufMii 
4w  ^ufftcB  i>  but tneilher  ia  tban^  aor  ni  My 
q£  theiioawo  atoata^  hare  vasligeai^of  1hs» 
mati  bones  betefdieeoverad-fv'  Tbus,  4fkwi 
nataral- appeanacea^  firDm  the  Moaaie  ht»> 

'        11  «    ■  . .     ^  ■     •:  • 

*  The  great  mastodon^  or  the  iinimal  whose  bone^  mt 

l()und  in  North  America  near  the  Ohio^  differs  in  the  form 
^r*  its  teeth  frem  the  88>emn  mamnteth^  and  great  north- 
em  elephent.  In  •the  year  1796  the  bodydf  one  dl  $kt 
latter  was  detachi^d  from  a  mass  of  iae>  io  wbi?h  it  hid 
probably  reipained  some  thousand  years.  The  flesh  was  UQt 
decayed.  Beside  the  coarse  hur  on  the  skin,  there  was  ^ 
fine^down  or  wool  underneath,  proring  incontestably  that 
U  w«0  a  native  ef  northerD  climates,  and  belonged  te  a 
race  now  fstinet* 

f  I  do  not  consider  the  skeleton  at  Guadaloup^  H 
forming  an  exception.  It  appears  to  have  been  imbedded 
in  loose  sandf  on  the  coast,  which  has  been  subsequently 
consolidated.  See  p.  20« 

./  tory, 
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i^  vr^iosuQCiiice  aurr.ifompuftititaHfi^biiDijAto 
ywiftd  wb^  A]  becamA'  habitebteK  bgr  anul. 

«^i^li«ai^pp  b^Tf^  mada  in  ^^wrious  pvtsfoftbd 
9»r]4,  may  be  reganboii^a  atiiirtbfir<9iMi9£iqf 
tbf  re(:ent '«iig»«f.tb€  bumattfMc^^.'nWii^t 
1^8:  iQf^  fiapfi^byhefora  anatber  ^fik  reuoiti* 
ttoo  of  tbati^abs  takfBj-platerti^'^o^ 
radi  .^liaqvifi^  aative  'bafetnd  data  to  gmt^ 
our  oQPJeotiifaa^  Same  off  ita  coeleatial  t^evb^ 
ittJions  ai 0  not  Accomplidied  in  many  them* 
sand  yeatti;  and  in  dae  system  of^wbicili^^tbe 
earth  forms  a  part,  tbe  completion  of  a  great 
cycle,  in  which  all  the  planets  return  into 
tbe  same  relative  situations,  requires  ages  of 
duratioji,  that  to  our  limited  powers  appaa» 
lika  eternity*  That  the  motion  of  the  eart^ 
in  the  heavens  has  any  connection  with  those 
internal  causes  which  produce  the  change^ 
on  its  surface,  is  not  proved.  Such  a  cout 
jaection  may  however  exist ;  and  it  is  possi- 
ble that,  if  we  are  ever  acquainted  with  a 
true  theory  of  tbe  earth,  i^ne  shall  be  in- 
debted to  certain  fiicts  in  astronomy  for  the 
discovery. 

Geologists 
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Geologists  who  hftvfe  speoobtad 
tlie  fonnation  of  the  globe  Iwve 
it  9ts  originally  in  a  fluid  state,  eidier  by  tks 
agency  of  fire  or  water ;  bat  the  gjaiplait 
form  of  matter  with  which  we  are  aoqaaiatad 
is  that  of  gas  or  vapour.  Let  os  for  a 
moment  consider  the  elements  of  which  aD 
terrestrial  sabstanees  are  composed,  as  ex- 
isting in  this  simple  form  when  the  Jiat  of 
almighty  power  impressed  upon  the  wbois 
the  varioos  affinities  by  which  tbey  ooaleeoedf 
and  formed  a  fluid  or  solid  mass.  During 
their  union,  intense  light  and  heat  would 
probably  be  evolved,  presenting  to  die  di> 
stant  inhabitants  of  the  universe  the  ap» 
pearance  of  a  star  of  great  brilliancy^  but 
of  short  duration.  Nor  are  facts  wanting  ta 
warrant  this  hypothesis :  the  sudden  concre* 
tion  of  stony  masses  in  the  atmosphere,  with 
the  intense  light  evolved  during  their  for- 
mation, may  be  analogous  to  the  production 
of  a  planet. 

It  is  well  known  to  astronomers,  that  new 
srtars  have  suddenly  appeared  with  a  bril- 
liancy exceeding  that  of  Jupiter.  These  stars 
were  stationary,  but  their  splendour  dimi- 
nished, and  in  a  few  years  was  extinct.   Such 

was 


4SS 

htk  8iikeyfoe€n3ioilier«^,'^i)or^iiMr  a      '•x^ 
j^o^aCkmthat  Umow^oit«rrerbeeKbt^mp«0(}^ 

«(}d0n  coidsiition^tof  ^^as  'Mpaoddd  6^t  p^ 

lion  might  pradiKectmfre^lightrthall^fi^ 
oriwiy  of  ithe  fix|Mstam;^fqf9iwfaeMyetv(A»mt^ 
c^^0MibHia|Mi9  ik'iApidiy^kni^4p)ain)«li^ 

cfak^to  tpursubi.'fiubh  8paDiilMiona/'<«adv'td- 
isibgide  this^^ccnooMe^  WatMP  W  laiebottito? 
cQiaetacj  on^pkuietail^,  im*  ft&t^kwe  a  Idci'- 
cnsiop  of-^iisdi  dr>Btra%a  prodiicted 'bjr  Te^; 
peat^  jooncMtions' till '  the  atmcMpfabr^  albn^  * 
presorvedrdllB^  ga»6iis  state  ;>*|ior  wotild  k'M^ 
qilira  mitcb  jHif^tiuitj  froramch'  data  to  form 
a  theory)  iof  the  ^  €arth  aii  contnstent  with  es-^' 
isting  jippearanceif  as  any  ^preceding  hypfpi^ 
theses.     In  the   present  state  of  geological  ' 
science^  facts  are  more  \f anted  thap  specula-r 
tions.     Speculations  are  not  however  to  be 
considered  as  entirely  useless;    they  serve  to 
awaken  cariosity  and  stimulate  inquiry.     It 
has  alsp  beeiv  regarded  by  the  wisest  of  phi^ 
*  -  if  losophers 
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lo80phers  in  ancient  times,  as  a  presumptive 
proof  of  the  high  future  destiny  of  man, 
that  he  alone  of  all  terrestrial  animals  is 
endowed  with  those  powers  and  faculties 
which  impel  him  to  speculate  on  the  past, 
to  anticipate  the  future,  and  to  extend  his 
views  and  exalt  his  hopes  ^^  beyond  this 
visible  diurnal  sphere/' 


CHAP- 
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CHAPTER  XVL 

Queries  and  Observations  relating  to  the  Fomuh 
tion  of  the  superficial  Part  of  the  Globe. 

X^  the  present  chapter  I  propose  to  offer 
some  remarks  and  queries  respecting  the 
formation  of  the  rocks  and  strata  thai  com- 
pose the  superficial  covering  of  the  globe» 
and  to  state  the  inferences  which  appear 
to  me  deducible  from  the  contemplation  of 
existing  phaenomena.  I  beg,  however,  to 
be  distinctly  understood  as  offering  these 
observations  to  the  consideration  of  geolo* 
gists,  without  any  desire  to  obtain  their  as* 
«ent,  further  than  may  be  warranted  by  the 
evidence  of  facts,  or  by  rational  probabihty. 
Whatever  may  be  thought  of  the  queries 
here  proposed,  they  cannot,  I  trust,  prejuf 
dice  any  candid  mind  against  the  preceding 
parts  of  the  volume.  If  philosophers,  in- 
jjteadof  fabricating  hypotheses,  had  proposed 
their  speculations  in  the  form  of  queries, 
in  imitation  of  Newton  (in  his  Optica  lib.  S), 
they  would  have  rendered  a  more  essential 
service  (o  science.     Thus  Relieved  £rom  the 

2  7  2(  labour 
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labour  of  defending  their  own.  systems,,  they 
would  have  l)een  more  free  to  follow  truth 
wherever  the  light  of  evidence  and  inductioD 
Blight  lead  them.  Many  important  di^ 
coveries  might  have  been  anticipated,  which 
could  not  oe  brought  forward  as  pdrts  of  a 
isystem,  because  the  connecting  links' in  the 
cli&in  of  discovery  were  still  wanting.  Such 
was  the  anticipation  of  the  inflammable 
nature  of  the  diamond,  by  Newton.  \Vhen 
any  science  is  just  advancmg  beyond  its 
infant  state,  the  mode  of  proposing  ouf 
opinions,'  in  the  fbrm  of  queries,  is  most 
desirable ;  and  I  trust  this  will  be  a  sumpien^ 
apology  for  adopting  it  in  the  fpllowing 
pages. 

The  geotogist  endeavours  to  make  himself 
acquainted  with  the  various  beds  and  strata 
that  form  the  crust  of  the  globe;  and,  if  pos- 
sible, to  discover  by  wHat  process  niey  ^ 
were  formed,  as  well  as  to  trace  the  changes 
they  have  subsequently  undergone.  The 
power  of  mail  to  penetrate  the  earth  is  very 
Bmited:  few  mines  have  been  sunk  to  so 
great  a  depth  as  five  hundred  yards ;  yet  by 
Oie  fractures  and  drslocatiohs  of  the  strata 
we *are'  frequently  enabled  to  measure  their 

thickness 
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thickness  as  they  rise  in  succession  to  the 
surface  over  a  considerable  extent  of  country. 
But  the  regularity  of  rise  is  limited^  and  the 
strata  are  lost  as  we  proceed  further  or  incline 
in  an  opposite  direction,  so  that  the  greatest 
aggregate  thickness  that  has  been  any  where 
examined  does  not  perhaps  exceed  eight 
miles.  The  diameter  of  the  earth  is  nearly 
eight  thousand  miles,  to  which  the  depth  of 
surface  that  we  are  acquainted  with  bears  no 
greaterproportion  than  the  thicknessof  a  wafer 
tp  the  diameter  of  a  three-feet  artificial  globe* 
Were  we  to  bear  these  facts  in  mind,  the 
fractures,  dislocations,  and  overturnings  of 
rocks  and  strata,  and  even  the  up-heaving  of 
the  bed  of  the  ocean,  phsenomena  which 
appear  so  overwhelmning  to  the  imagination, 
sink  into  comparative  insignificance :  instead 
,  of  being  astonished  at  these  changes,  we 
should  be  more  disposed  to  admire  the 
stability  of  nature,  in  preserving  the  incrus« 
tation  of  the  globe  so  perfect  amidst  the 
conflict  of  tumultuous  elements.  There  are  a 
few  leading  facts  in  geology,  which  we  may 
consider  as  clearly  ascertained  by  existing 
phenomena^  Among  these  we  may  enume- 
rate 
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raicy  1st,  That  the  present  continents  were 
oncecbvererf  by  water.  2nd,  That  the  strata 
in  which  organic  remains  occur,  were  formed 
in  succession  over  each  other.  3d,  That 
every  regular  stratum  was  once  the  uppermost 
part  of  the  globe.  Let  us  furtlier  inqoke, 
whether  there  remain  any  appearances  in 
nature  that  may  indicate  in  what  manner 
these  strata  were  formed,  or  the  source  from 
whence  the  matter  of  which  thdy  are  com- 

■  * 

posed  ^I'as  evolved.  The  two  great  agents 
in  the  decomposition  and  formation  of  mineral 
substances,  either  artificially  or  in  ilature, 
are  water  and  fire:  any  theory  which  should 
exdude  the  agency  of  either  from  the  forma- 
tion of  the  crust  of  the  globe  would  be 
manifestly  defective. 

The  numerous  volcanoes  scattered  over  the 
globe  abundantly  prove  the  existence  of  fire 
in  the  deep  recesses  of  the  earth.  During  a 
former  state  of  our  planet,  this  internal  fire 
must  have  been  more  intense  than  since  the 
records  of  authentic  history.  This  is  shcv^n 
Ky  the  remains  of  mighty  volcanic  craters, 
which  far  exceed  any  that  are  «ctive  at  the 
present  time;  for,    the  craters  tbepciseives 

V^ing 
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being  formed  by  the  eruption  jof  yolcaixiic 
matter,  their  size  bears  evidence  to  the  mag^ 
nitude  of  their  former  operations. 

It  is  natural  to  inquire  what  part  thesie  tre- 

•   •     .  •  .      «  ' 

mendous  agents  have  performed  i^n  the  ceco- 
nomy  of  nature :  Are  they  accidei^tal  ^ 
pendages,  or  essential  parts  of  the  terre^tri^ 
system  ?  The  geologists  who  exclude  the 
agency  of  fire  from  the  formation  of  rocks^ 
seem  to  forget  that  the  only  if^tances  we 
have  of  actual  rock  formations  are  yolcai^k : 
beds  and  strata  more  than  thirty  miles  in 
length,  and  of  considerable  breadth  and  tlup]^- 
ness,  have  been  spread  aver  the  surfi^ce  of  t]^e 
globe  in  our  own  times :  and  according  to 
Mr.  Humboldt,  the  further  back  we  trace  these 
eruptions,  the  greater  is  the  similarity  be- 
tween the  currents  of  lava  and  those  rocks 
which  are  considered  by  geologists  as  the 
most  ancient.  The  enormous  volcanoes  whose 
craters  are  many  leagues  in  extent  had 
doubtless  an  important  office  to  perform 
in  nature :  and  can  .it  be  unreasopable  .to 
believe  that  the  earth  itself  is  the  gr^t 
laboratory  and  storehouse  where  the  roaT 
terials  that  form  i(^  surface  ^^ere  p,];eD^ed, 
and  from  whence  they  were  thrown  out  upon 

the 
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the  surface  in  an  igneotis^  aqueous,  or  ga- 
seous  state,  either  as  melted  lava,  or  in  aique- 
ous  solution,  or  in  mechanical  admixture 
with  \7ater  in  the  form  of  mud,  or  in  the 
comminuted  state  of  powder  or  sand  ?  In- 
flammable and  more  volatile  substances  may 
have  been  emitted  in  a  gaseous  state,  and 
become  concrete  on  the  surface. 

These  primaeval  eruptions,  judging  from 
the  size  of  the  ancient  craters,  may  have  been 
sufficient  to  cover  a  large  portion  of  the 
globe.  Nor  can  it  be  deemed  improbable 
that  still  larger  and  more  ancient  craters  have 
been  entirely  covered  by  succeeding  erup- 
tions. In  proportion  as  the  formation  of 
the  surface  advanced,  these  eruptions  might 
decline,  and,  when  their  office  was  performed, 
might  finally  cease. 

It  is  not  necessary  to  suppose  that  these  sub- 
terranean eruptions  consisted  only  of  lava  in 
a  state  of  fusion.  The  largest  active  volcanoes 
at  present  existing,  throw  out  the  different 
earths  intermixed .  with  water  in  the  form  of 
mud.  Nor  should  we  limit  the  eruptions  of 
earthy  matter  in  solution  or  suspension  to  the 
known  volcanic  craters :  the  vast  fissures  or 
rents  which  intersect  the  different  rocks  may 

have 


QBOLOQICAL  QUBETX8.  441 

have  served  for  the  passage  of  the  subterra^ 
nean  matter  rising  to  the  surface.  Silex  or 
quartz,  either  pure  or  combined  with  other 
earths,  constitutes  two  thirds  of  the  crust  of 
the  globe ;  and  the  veins  which  intersect  the 
lowest  granitic  and  schistose  rocks  are  most 
frequently  filled  with  this  mineral.  Whether 
the  elementary  parts  of  silex  are  easily 
soluble  in  water»  or  fusible  by  fire,  we  have 
yet  to  learn ;  but  we  know  there  are  natural 
processes  by  which  its  solution  is  effected, 
and  may  not  the  strata  of  crystalline  sand« 
stone  have  been  formed  from  these  solutions  ? 
Calcareous  or  cretaceous  matter  is  also  ejected 
during  aqueous  eruptions.  (See  page  317.) 
The  beds  of  lime^stone  may  have  been  formed 
by  similar  calcareous  eruptions ;  and  the  nume« 
rous  remains  of  shell-fish  in  lime-stone  might 
appear  to  indicate  that  the  calcareous  solu- 
tions were  fiivourable  to  the  growth  of 
animals  whose  coverings  contain  so  much 
calcareous  matter.  Nor  is  it  necessary  to 
suppose  thai  these  aqueous  eruptions  were 
always  sudden,  and  attended  with  violent 
convulsions ;  for,  when  a  passage  was  once 
opened,  they  may  have  risen  slowly  and  been 
diffused  in  i  tranquil  state,   and  by  gradual 

condensation 
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cohdensatioh  may  have  enveloped  the  most 
delicate  animals  or  vegetables  without  in- 
jdringtlieir  external  form. 

The  long  intervals  of  repose  between  the 
great  igneous  volcanic  eruptions  may  have 
allowed  time  for  the  growth  and  decay 
of  animals  whose  remsuns  are  found  in  dif« 
ferent  strata ;  whilst  the  formation  of  other 
strata  may  have  taken  place,'  under  circum- 
fi'tahces  incompatible  with  organic  existence: 
flbd  accordingly  we  find  in  the  rocks  most 
abounding  with  organic  remains,  certam 
strata  iii  which  they  never  or  rarely  occur. 
The  same  agent  which  enveloped  living 
ahimals  in  mineral  matter  without  injunng 
their  external  form,  appears  in  some  in- 
stances to  have  immediately  arrested  the  func- 
.  •  ,  ■  .  • 

tions  of  vitality.  Petrified  fish  have  been 
discovered  in  solid  rocks  in  the  very  attitude 
of  seizing  and  swallowing  their  prey.  A  sud- 
den eruption  of  a  hot  fluid  saturated  with 
the  different  earths  (or  the  elements  of  which 
these  earths  are  formed)  might  destroy  in 
ao  moment  the  animals  previously  existing, 
jimd  fbrm  round  them  a  siliceous  or  cal- 
/mreous  incrustation  wliich  would  protect  their 
remains  from  further  destruction. 

: .      ^  Ages 


Ages  of  trftnquillity  might  efdpsc  in  the 
inteiH^al^  of  different  eruptians,  and  beds  of 
gravel  aiid  brecciia  b6  formed  by  the  gra- 
dual disintegration  of  the  higher  parts  of 
the  earth.  These  beds  might  bo  afterwatdirf 
covered  by,  or  intermix t  with,  the  crystdUne 
beds  from  subsequent  eruptions;  and  may 
we' not  in  this  mariner  explain  the  alternation 
or  intermixture  of  crystallirie  rocks  with 
those  of*  mechanical  formation  ?  Dislocation^ 
of  the  strata  by  earthquakes  atid  other  caused 
might  also  take  place  between  the  periods  of 
different  formations,*  in  which  case  the  upper 
beds  would'  rest  on  the  subjacent  ones  in  an 
urtcbnformabld  position. 

As  the  strata  which  cover  each  other  are 
often  corh posed  of  very  different  mineral 
substances,  may  we  not  infer  that  the 
successive  ancient  eruptions,  whether  igne- 
ous or  aqueous,  contained  different  ele« 
Ihentary  parts?  At  the  present  day,  the 
lavas  of  succeeding  eruptions  even  from  the 
sktne  crater  differ  both  in  external  character 
ath)  Constituent  parts.  Hence  we  may  ex- 
plain the  fbrhiation  of  strata  of  iron-stone 
and'  beds'  of  other  metallic  ores  alternating 
with  earthy:  strata;  and  we  can  have  little 

difficulty 
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difficulty  in  the  admission,  as  it  is  now 
known  that  the  bases  of  the  earthy  strata 
are  also  metallic.  Two  or  more  mineral 
substances  may  in  some  instances  have  been 
contained  in  the  same  fluid  i  and  separated  into 
different  masses  or  strata  by  the  laws  of 
chemical  affinity:  but  it  seems  exceedingly 
difficult  to  admit,  with  the  Neptunian  geo- 
logists, that  all  the  substances  which  compose 
rocks  and  strata  were  coexistent  in  the  same 
fluid,  and  that  this  fluid  after  it  had  deposited 
only  a  small  part  of  its  contents  was  capable 
of  supporting  animal  life. 

The  succession  of  aqueous  and  igneous 
eruptions  would  account  for  the  alternation 
of  volcanic  rocks  with  others  of  aquatic 
formation.  The  occurrence  of  obsidian  and 
basalt  with  clay  and  sand-stone  may  be 
parts  of  the  same  series  of  pha&nomena ;  and 
thus  the  two  opposing  systems  of  Werner 
and  Hutton  may  both  be  true  to  a  certain 
extent,  and  agree  with  existing  facts.  How- 
ever vast  these  operations  may  appear,  they 
sink  into  insignificance,  compared  with  the 
bulk  of  our  planet  itself.  If  a  three-feet 
globe  were  to  contain  within  it  a  fluid  capa- 
ble of  acquiring   consistence  by  exposure 

to 
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to  the  air^  and  were  this  fluid  from  time  to 
time  Ut  exude  through  minute  cracks  or 
punctures,  and  form  over  different  parts  of  tlie 
surface  successive  coats  of  varnish  whose 
aggregate  thickness  was  less  than  that  of  a 
wafers  this  would  be  a  greater  change  with 
respect  to  the  artificial  globe,  than  the  forma- 
tion of  all  the  rocks  and  strata  with  respect 
to  the  earth.  And  the  numerous  dislocations 
and  fractures,  by  subsidence  or  othe;r  causes, 
are  no  more  in  comparison  to  ^e  magnitude 
of  the  earth,  than  the  cracks  or  ,inegu£|lities 
of  this  superficial  varnish  wouljd  be  tQ.  a 
globe  of  that  di^^mcjier. 

I  have  already  stated  my  opinion  *,  that  all 
the  secondary  strata  are  local  formations  ori- 
ginally deposited  in  detached  lakes,  which 
have  covered  part  of  our  present  continents 
when  the  sea  began  to  retire ;  for  the  ineq ua- 
lities  of  the  surface  must  have  been  greater 
before  the  deposition  of  the  upper  strata  had 
filled  up  the  lower  concavities.  In  proportion 
to  the  quantity  of  matter  thrown  from  the 

interior  of  the  earth  might  be  the  subsidence 
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of  the  surface  ii)  oth^r  parts ;  and  as  th^ 
waters  retired  further  fropi  our  present  conti^ 
nents,  the  size  of  the  lakes  which  then  coyere4 
them  would  be  diminished  ;  but  their  number 
woulcj  be  increased,  and  also  the  nqmber  of 
local,  or  independent,  formations  of  strata. 
Similar  causes  still  continuing  to  operate  iq 
different  situations,  might  produca  genera} 
features  of  agreement  amidst  the  diversity  of 
rock  formations  which  were  taking  pUce,  Now 
this  is  precisely  what  we  observe  in  comparing 
the  succession  of  rocks  in  distant  countries. 
We  have  no  sufficient  reason  to  believe  that 
those  rocks  M'hich  are  called  primitive,  in 
reality  the  original  coat  of  the  nucleus  of 
our  planet,  nor  that  the  similar  rocks  of 
distant  regions  are  contemporaneous;  the 
great  diversity  which  prevails  both  in  their 
order  of  succession  and  composition  appears  to 
oppose  the  theory  of  universal  formations, 
there  being  no  two  countries  in  which  the  or- 
der of  succession  is  found  to  agree ;  and  a 
recent  examination,  by  Raumer,  of  the  very 
district  in  which  the  Professor  of  Freyburg 
laid  down  the  law  of  succession  for  the  whole 
globe,  is  said  to  have   shown  that  Werner's 

descriptions 
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descriptions    do    not   even   agree  with  the 
actual   order   of   succession    in   which    the 

ff  • 

rocks  of  that  district  are  arranged. 

Granite,  porphyry,  sienite,  green^stoneand 
basalt  pass  by  such  insensible  gradations  into 
each  other,  and  into  rocks  known  to  be  vol- 
canic, that  the  probability  of  their  having  a 
similar  origin  can  scarcely  be  denied.  And  if 
the  internal  fires  that  have  acted  successively 
on  the  surface  of  the  globe  ^ere  of  vast  ex- 
tent, as  the  remaining  craters  indicate,  they 
may  also  in  numerous  instances  have  melted 
or  softened  pre-existing  rocks  and  strata,  and 
occasioned  the  bending  and  contortions  of 
the  strata,  and  other  phacnomena  on  which 
the  theory  of  Dr*  Hutton  was  founded.  The 
defect  of  that  theory  consists,  I  conceive,  in 
extending  the  operation  of  this  cause  further 
than  existing  appearances  will  support. 

Were  we  to  admit  that  rocks  are  local  for- 
mations produced  by  successive  igneous  and 
aqueous  eruptions  forced  through  craters  and 
fissures  of  the  surface,  these,  with  subsequent 
elevations  and  subsidences  of  the  surface, 
might  be  sufficient  to  explain  all  the  various 
phaenomena  which  the  position,  contortion, 
succession^   and   alternation    of  rocks    and 

^  ■ 

strata 
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strata  present  to  our  notice.     In  some  situ^ 
tions  granite  mountains  are  covered  \rith  a 
series  of  schistose  rocks,  to  which  succeeds 
the  mountain  lime-stone,  and  on  this  are  laid 
the  sand-stones  of  the  coal  foliation.    In 
other  instances  these  sand-stones  rest  imme^ 
diately  on  granite,  without  the  intervention  of 
schistose  rocks.    Here  then  we  may  suppose 
that  no  eruptions  of  matter  took  place  be- 
tween the  formation  of  the  granite  and  th^ 
sand-stone;  while  in  other  situations  a  succes- 
sion of   formations   had   produced    all   the 
intermediate  rocks.     In  some  countries  the 
(eruption  of  matter  which  formed  granite,  after 
ceasing  for  ages  had  again  taken  place,  and 
thus   sometimes  we    find    granite    covering 
Tocks  to  which  it  is  most  frequently  subjacent. 
To  a  like  cause    may  we  ascribe   the  occa- 
sional appearance  of   beds    similar    to   the 
lower  rocks   alternating  with  or  appearing  in 
the  upper  strata.     The  siliceous  and  calcare- 
ous solutions  in  a  state  of  tranquillity  might 
also   envelop  the  fragments  and  sand  from 
pre-existing    rocks,    and   form   the    various 
breccias  and  aggregated  sand-stones.     Saline 
and  bituminous  mutter  may  also  have  been 
thrown  up  in  detached  lakes,  and  subsequently 

consolidated, 
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consolidateid,  as  in  the  pitch-lake  in  the  Island 
of  Trinidad.  The  local  formation  of  bed* 
of  trap  alternating  with  other  rocks  has  be- 
fore been  alluded  to,  and  the  graduation  of 
basalt  into  clay,  or  sand,  will  be  consistent 
with  this  mode  of  forma,tion.  Many  of  the 
solutions  containing  terrene  matter  might  be 
erupted  at  a  boiling  temperature,  like  the 
siliceous  water  thrown  out  of  the  hot  springs 
in  Iceland,  and  on  cooling  they  might  deposit 
their  contents,  the  matter  from  each  eruption 
forming  a  separate  layer  or  stratum*. 

In  some  parts  of  the  earth  the  quantity  oi 
matter  thrown  out  during  one  eruption  may 
have  been  sufficiently  great  to  admit  the  cry^r 
stalhzation  of  whole  groups  of  mountains.  In 
other  instance$  it  may  have  been  so  widely 
diflfused  as  to   form  very  thin  strata.     And 

*  To  compare  great  things  with  small^  there  is  an  anar 
logous  formatipn  taking  place  every  day  in  the  channels 
which  receive  the  boiling  waters  from  some  of  the  steam- 
engines  in  the  county  of  Durham,  This  water  contains  a 
large  quantity  of  earthy  mattfr  which  is  deposited  evei  y 
day^  except  Sunday,  in  regular  layers  that  may  be  di- 
stinctly counted,  with  a  marked  line  for  the  interval  of 
repose  on  Sunday,  between  each  week's  formation  :  hence 
the  stone  got  out  of  these  channels  has  received  from  the 
country  people  the  name  of  Sunday  stam^ 

2  G  berQ 
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here  it  may  be  proper  to  remark,  that  dif« 
ferent  beds  and  strata  are  not  arranged  in  na- 
ture in  the  order  of  their  specific  gravity ;  the 
lowest  are  not  always  the  heaviest,  neither  are 
they  arranged  according  to  their  more  perfect 
crystalUzation ;  for,  though  generally  the 
lower  rocks  are  more  crystalline  than  the  up- 
per, we  not  unfrequently  find  some  of  the 
upper  strata  more  perfectly  crystalline  than 
the  subjacent  rocks.  Now  if  the  matter  of 
which  the  upper  and  lower  rocks  are  formed 
had  been  co-existent  in  the  same  fluid  me« 
dium,  one  or  other  of  the  above  effects  must 
have  taken  place ;  but  if  each  stratum  were 
formed  by  a  separate  eruption  and  deposition, 
they  might  vary  both  in  specific  gravity  and 
degrees  of  crystallization,  without  any  regard 
to  the  order  in  which  they  were  deposited*. 

'*  By  considering  each  stratum  as  a  local  formation,  we 
are  relieved  from  the  difficulty  of  accounting  for  the  disap- 
pearance of  the  vast  beds  of  sand-stone  and  chalk,  uith  all 
the  upper  strata,  in  countries  where  they  are  not  found  at 
present.  Could  we  be  presented  with  an  accurate  delinea- 
tion of  the  elevations  and  depressions  of  the  earth's  surface, 
sufficient  vestiges  of  its  ancient  physical  geography  might 
sftill  remain  to  enable  us  to  trace  some  of  the  great  basins, 
or  lakes^  in  Which  the  separate  formations  of  the  upper 
strata  took  place. 

In 
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In  endeavouring  to  trietce  the  causes  of  very 
complicated  phsenomena^  those  explanations, 
are  to  be  preferred  wjbich  apply -to  the  greatest- 
number  of  cases,  and  are:  coriaonant  mth  ex* 
istiDg  or  analogous  facts.  Now  I opnceive. 
that  the  alternation  of  aqueous  aiid 4gneou^ 
eruptions  offers  a  tnore.  isatisfactory  ekplana-^* 
tion  of  the  fbrmation  o£  rocks  than  any  that . 
I  am  acquainted  with. .  .At  the  .same. time  it 
assigns  an  office  to  the  immense  craliers  and 
fractures  which  have  once  perforated  or  inters 
sected  the  globe.  ; 

It  is  an  acknowledged  iiiaxim,that  j^fatIIr6|; 
or  to  speak  more  correctly  its  divine.  Authojv 
does  nothing  in  vainr.  and  can  ^we  sisp^ 
pose  that  the  interior  part  pf  the  earth  is  con-^ 
structed  with  less  skill  than  what  we  dbserve 
in  the  organization  of  the  simplest  animal  or 
vegetable  ?  Or,  when  we  contempliate  ourpla** 
pet  pursuing  its  trackless  path  through  the 
heavens  with  unerring  precitHonf  ct^n  we  be- 
lieve that  its  internal  motion^  are  not  governed 
by  determined  laws  destined  to  answer  the 
most  important  purposes  in  the  oeconomy  of 
nature  ? 

Though  I  am  inclined  to  regard  the  expla- 
nation here   offered   respecting  rock  forma- 

2  G  2  lions 
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tions  as  consonant  with  exi9ling  facts,  and  as 
reconciling  the  phaenomena  of  aqueous  and 
igneous  products  alternating  with  or  gra- 
duating into  each  other, — ^facts  that  appear  so 
contradictory  to  the  theories  hitherto  ad- 
vanced,— I  would,  however,  willingly  adopt 
any  other  explanation  that  may  afford  a 
more  satisfactory  solution.  —  The  Roman 
Poet,  Bfter  conducting  his  hero  through 
the  subterranean  abodes,  dismisses  him 
through  the  Ivory  Gate* :  and  should  my 
readers  infer  from  these  speculations  re- 
specting the  subterranean  operations  of 
nature,  that  I  take  my  leave  of  them  in 
the  same  manner,  it  will  neither  cause  dis- 
appointment nor  excite  displeasure.  Em- 
barked with  them  in  a  voyage  of  discovery, 
I  shall  gladly  hail  the  signal  for  the  appear- 
ance of  solid  ground,  whoever  the  fortunate 
discoverer  may  be. 


•  Mn.  lib.  yi, 
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THE  AUTHOR'S  NOTICE  TO  LANDED  PROPRIETORS. 

jVI  r.  Bakewell  informs  those  noblemen  and  gentlemen  who 
may  honour  this  volume  with  their  perusal,  that  he  undertaken 
the  mineralogical  examination  of  estates  to  ascertain  the  true 
nature  and  qualities  of  the  soil,  stone,  and  various  minerals  or 
metallic  ores,  and  the  uses  to  which  tliej  may  be  most  profita- 
bly applied ;  also  to  point  out  the  means  of  general  improre- 
ment.  A  manuscript  description  and  statistical  account  of  the 
estate  with  explanatory  outlines  and  sections  will  be  ^ven.  ar- 
ranged in  such  a  manner  that  it  may  at  any  time  be  consulted 
as  a  book  of  reference  when  information  is  wanted  respecting 
the  property.  Such  a  description  will  prove  particularly  useful 
to  landed  proprietors  who  have  large  or  distant  domains,  bv 
enabling  them  to  form  a  correct  view  of  the  nature  and  value  of 
their  estates ;  it  will  also  comprise  an  account  of  whatever  may 
be  deemed  interesting  as  objects  of  curiosity,  natural  hLstory, 
or  science,  as  well  as  those  of  profitable  research. 

An  examination  and  description  of  estates  upon  the  above 
plan  is  new ;  but  its  utility  is  obvious,  and  Mr.  Bakewell  can 
give  references  of  the  highest  respectability  where  he  has  been 
employed.  The  expense  must  be  regulated  by  the  nature  and 
extent  of  the  ei'tate ;  and  it  is  believed  that  the  terms  will  be 
found  in  all  cai>cs  very  moderate,  compared  with  the  benefits 
to  be  derived  from  such  an  examination.  To  remove  anv  ob- 
jcction  on  this  head,  the  amount  of  the  charge  may  be  pre* 
viously  specified  for  the  execution  of  the  whole  or  any  part  of 
tliis  undertaking. 

When  in  town  Mr.  Bakewell  gives  private  instruction  to 
direct  gentlemen  in  a  course  of  experimental  researches  on 
agricultural  chemistry,  mineralogy,  and  other  subjects  of 
science  connected  with  hi^  pursuits. 

I  Letters  free  of  postage  addressed  to  Mr.  Bakewell,  IS, 
Tavistock  Street,  Bedford  Square,  London ;  or  left  for  him 
at  Mr  Harding's,  36,  St.  Jamco's  Street,  will  be  duly  at- 
tended to. 
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Noie  on  page  5. 

The  absolvie  quarUity  of  matter^  or  density  of  the 
earthy  Besides  the  observations  to  ascertain  the  density 
of  the  earth  by  Dr.  Maskelyne  and  Dr.  Hutton^  a  very  in- 
genious instrument  was  invented  by  the  Rev.  J,  MitcheR 
to  determine  this  important  problem.  He  did  not  live  to 
carry  it  into  effect ;  but  it  was  afterwards  executed  by  Mr« 
Cavendish.    See  Phil.  Trans.  1792,  part  ii. 

Doctors  Maskelyne  and  Mutton  estimated  the  spedfic 
gravity  of  the  stones  forming  the  momitain  Schehallien 
below  their  true  average  weight  as  determined  by  experi'* 
ment,  when  this  error  was  corrected  by  Professor  Play* 
fair.  The  result  by  the  two  methods  may  be  said  nearly  to 
correspond.  Dr.  Maskelyne  making  the  density  of  the  earth 
about  iy  and  Mr.  Cavendish  5.48. 

No(e  on  page  16. 

The  bones  of  the  Mastodon,  Hippopotamus,  and  other 
quadrupeds  found  in  England  have  generally  been  in  low 
situations  and  in  alluvial  ground.  We  have  no  regular 
strata  containing  fossil  remains  of  quadrupeds  like  those  in 
the  gypsum  quarries  near  Paris. 

Note  on  page  90. 

Tlic  sand-stone  which  contained  the  imbedded  female 
bkcicton  from  Guadaloup^  was  observed  by  the  workmtii 

who 


ADDITIONAL  K0T£8«  4ii 

who  chiselled  away  part  of  the  stone^  to  be  considerably 
harder  where  it  was  contiguous  to  the  bone.  A  similar 
variation  in  the  hardness  of  stone,  in  the  immediate  con- 
tiguity of  organic  remains,  may  be  observed  in  the  alum 
rocks  at  Whitby,  and  in  various  other  situations :  it  is 
probably  occasioned  by  the  animal  matter  intermixed  with 
the  stone. 

Note  an  page  30. 

Stratified  rocke  formed  ly  tlie  motion  of  water!]  Somcf 
of  the  strata  are  evidentiy  of  mechanical  formation,  con-» 
taining  rounded  pebbles  and  water-^wom  fragments  of  stone  j 
but  many  of  the  strata  called  secondary  are  crystalline^  and 
cannot  be  considered  as  mechanical  depositions^ 

Note  on  page  44. 

The  cJELSsiiication  of  simple  minerals  into  families,  coni^ 
prising  in  each  the  substances  most  nearly  allied,  appears 
to  be  the  arrangement  best  suited  to  assist  the  memory 
of  the  student.  It  has  been  very  judiciously  adopted  by 
Mr.  Koenig  in  the  collection  of  minerals  exhibited  at  the 
British  Museum. 


Note  on  page  111. 

Red  sand^stone.']  The  followers  of  Werner  designate 
what  they  call  the  first  of  the  flcetz  rocks  the  ^^  old  red 
sand-stone."  The  colour  of  rocks  is  a  very  imperfect  di- 
stinctive character.  In  all  formations  of  sand-stone  there 
are  coloured  strata  red,  and  some  of  the  beds  in  the  red 
sand-stone  art  a  light  brown  or  gray.  The  red  sand-stone 
which  stretches  along  the  western  side  of  England  in  many 
parts  agrees  with  the  red  sand-stone  of  Werner  containing 

gypsum : 
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gypsum : — there  are,  however,  many  beds  of  red  sand- 
atone^  part  of  the  regular  coal  strata  of  Lancashire. 

On  the  authority  pf  Mr.  Westgarth  Forster^  and  othersi 
from  whom  I  have  made  particular  inquiry,  I  have  stated 
that  the  metalliferous  lime-stone  of  Northumberland  and 
Durham  rests  on  the  red  sand-stone.  I  have  never  seen 
their  junction  in  the  northern  counties,  and  I  am  still  in- 
clined to  doubt  whether  thu  sand-stone  be  really  subjacent  to 
lime-stone.  In  the  first  edition,  and  in  a  paper  on  the  Brad- 
ford coal-field*,  I  intimated  the  probability  that  the  red 
sand-stone  might  have  been  formed  from  the  debris  of  the 
thick  beds  of  satid-stone  that  lie  above  the  metalliferous  lime- 
ftone,  and  had  once  extended  further  west.  This  rock  alwayi 
occurs  at  a  low  comparative  level,  which  adds  probability 
to  the  opinion  that  it  may  lie  at  the  feet  of  the  western 
hills  in  an  uneonformable  position,  instead  of  rising  fit>m 
under  them  as  a  regular  lower  stratum.  There  are  how- 
ever beds  of  sand-stone,  which  are  sometimes  red, 
both  under  metalliferous  lime- stone  and  coarse  slate : — an 
im»tance  of  their  junction  is  st-atcd  p.  388.  I  consider  the 
real  position  of  this  rock  as  more  uncertain  than  that  of 
any  other  considerable  rock  formation  in  England. 

Mr.  Farcy,  in  his  Derbyshire,  mentions  the  red  marie 
on  the  eastern  side  of  England  as  the  same  with  the  red 
sand-stone  on  the  west,  and  describes  it  as  a  stratum  abore 
the  coal  measures.  He  has  recently  adopted  the  opinion 
that  the  red  marlc  is  geiieraily  laid  in  an  unconformable 
Maimer  over  the  edges  of  the  strata  beneath,  and  that  it 
occurs  covering  both  coal  and  the  rocks  subjacent  to  coal 
strata.  If  the  red  marie  in  Nottinghamshire^  and  the  red 
sand-stone  in  Cheshire,  were  both  regular  strata^  it  would 
be  impossible,  I  conceive,  to  admit  their  identity ;  but  if 
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they  ar^  unconformable  depositions^  ther^  can  be  no  ob«> 
jcction  to  this  admission,  provided  that  their  other  Teaturet 
of  resemblance  warrant  the  conclusi9n.  There  are  qnartz 
pe  les  in  some  of  the  sand-atones  of  Cheshire,  similar 
tot  lOie  inthe  sand^-stone  rock  on  which  Nottingham  and 
The  castle  are  built. 

Note  on  page  169. 

On  the  banks  of  the  river  Missouri.']  From  the  Travels 
of  Captains  Lewis  and  Clark  it  does  not  appear  that  there 
is  sufficient  evidence  for  the  existence  of  the  chain  of  moun- 
tains of  rock  salt  here  alluded  to.  These  travellers  men- 
tion a  vast  extent  of  country  beyond  the  Missouri  covered 
in  part  with  salt  lying  on  the  ground  like  snow. 

Note  on  page  212.  ' 

There  appear  to  be  processes  in  nature  by  which  flint  is 
forming  at  the  present  time.  Instances  are  on  record  of 
coins  foimd  in  flints.  (Kirwan's  Geological  Essays.)-— 
The  following  circum^stance  was  obligingly  communicated 
when  the  first  edition  of  this  work  was,,i^  the  press  2— 
'Mn  1791,  200  yards  north  of  the  ramparts  of  Hamburgh, 
in  a  sandy  soil,  Mr.  Liesky,  of  that  city,  picked  up  a  flinty 
and  knocking  it  against  another  to  obtain  a  piece  for 
striking  a  light,  he  broke  it  in  two.  In  the  centre  of  the 
fraeture  he  observed  an  antient  brass  pin ;  and  on  picking 
up  the  other  half  he  found  the  corresponding  mould  of  the 
pin  so  laid  bare :  he  presented  them  to  Thomas  Blacker, 
Esq.  in  whose  possession  they  now  are,  and  who  has  shown 
them  to  the  writer  of  tliis  paper. 

"  Surry  Institution.  Knight  Spkncbr." 

We  are  not  able  by  artificial  means  to  dissolve  silex  in 
water ;  but  from  the  siliceous  earth  held  in  solution  by  the 

hot 


460  Athsmti. 

hot  waters  of  Batti,  aiid  still  more  abundantly  by  the  boiU 
ing  waters  of  Iceland^  we  know  that  nature  has  the  power 
of  effecting  it  by  some  unknown  process.  Whether  the 
earths  are  convertible  into  eaeh  other  by  natural  processes, 
we  cannot  ascertain ;  but  as  they  are  known  to  consist  of 
oxygen  combined  with  metallic  bases,  and  these  bases  are 
supposed  to  be  conipounds  of  simpler  elements,  it  does 
not  appear  improbable  that  this  change  may  take  place: 
could  the  fact  be  established,  many  anomalous  appearances 
in  the  mineral  kingdom  would  admit  of  an  easy  explana- 
tion. From  the  qualities  of  bafytcs  and  the  alkaline  earths, 
Lavoisier  was  induced  to  believe  that  they  are  metallic 
oxyds.  In  the  year  1805,  an  opinion  of  Mr.  Joseph  Humt 
was  advanced  in  Mr.  Parkes's  Chemical  Catechism,  that 
h\\e\  is  chiefly  composed  of  oxygen.  In  the  33d.  volume  of 
the  Philosophical  Magazine  Mr.  Hiune,  with  much  inge- 
nuity of  argument,  and  by  a  statement  of  various  facts,  en- 
deavoured to  prove  that  silex,  in  its  combinations  vAA 
other  substances,  acts  either  as  oxygen  or  as  a  powerful 
acid.  In  the  imion  of  silex  with  the  alkalies  to  form  glass, 
we  have,  he  observes,  a  striking  example  of  its  action  as  an 
acidifying  principle. 

Berzelius  iti  his  Mineralogy  has  recently  adopted  the  same 
vie^vs  respecting  the  action  of  silex  in  its  union  with  mineral 
substances^  and  denominates  such  combinations  siliciates. 

The  discoveries  of  Sir  H.  Davy  have  proved  that  oxy- 
gen is  a  constituent  part  of  the  earths  and  alkalies,  and 
cannot  fail  eventuallv  to  elucidate  some  of  the  most  im- 
portant  questions  in  geology. 

Note  on  page  292. 

T/ie  zoophytes  in  tfie  lower  beds  could  not  le  living  and, 
cO'Cxisient  with  the  sfielljlsk  in  the  upper  strata.  It  i^  not 

here 


▲DDmONAL  NOTBS.  46 1 

here  intended  to  express  any  opinion  respecting  the  prio- 
rity of  one  species  of  anipab  to  another ;  for  in  fact*  the 
upper  beds  of  lime-stone  in  Derbyshire  are  filled  with  en- 
crinites*  What  is  contended  for^  is  merely  that  the  lower 
animals  must  have  existed  in  a  living  state  long  before  the 
formation  of  the  upper  strata  by  which  they  are  covered, 
that  contain  animals  of  other  species.  We  cannot  surely 
admit  for  a  moment  that  marine  animab  could  live 
and  propagate  buried  in  and  under  solid  rocks ;  yet  we 
must  admit  thb  absurdity  if  we  agree  with  Professor  Jame- 
son, that  the  upper  and  lower  beds  of  metalliferous  lime- 
stone in  Derbyshire  were  cotemporaneous.  An  opinion 
was  lately  advanced  by  a  German  professor,  that  the 
fossil  remains  in  rocks  are  not  in  reality  the  relics  of  living 
animals,  but  the  first  crude  and  imperfect  efforts  of  nature 
to  create  organized  forms !  and  some  recent  attempts  have 
been  made  in  this  country  to  prove  that  shell  fish  live  and 
breed  in  lofty  peat  mosses  I  Thus  we  have  once  more  to 

fear 

«  ■    ■!  grave  ne  rediret 

Sseculum  Pyrrhs  nova  monstra  quests ; 
Onme  cum  Proteus  pecus  egit  altos 
Visere  montes/* 


Note  on  page  51 1. 

Earthquakes.  Confined  vapour  forcing  a  passage,"] 
An  impetuous  roaringwind  accompanied  the  dreadful  earth- 
quakes in  Sicily  in  1783. 

Note  on  page  345. 

Fresh' water  shells.]  Though,  in  compliance  with  the 
opinions  of  some  eminent  naturalists  and  geologists,  I  have 
retained  the  term  fresh-water  shells  and  formations,  I 

think 


think  the  faetof  their  b^ng  really  such^  rests  on  toadigiil 
a  foundation.  We  know  so  little  of  the  habitudes  of  thest 
animals,  that  we  can  scarcely  decide  whether  they  lii^  iq 
fresh  or  salt  water ;  and  the  following  cireumsfanoe  eom-r 
municated  to  me  by- Mr.  Leckie  may  show  that  animals 
have  greater  facilities  of  phange  than  naturalists  generally 
suppose. 

The  lake  of  Lentini  in  Sicilv  is  stocked  with  a  sea  fish 

* 

called  the  Cefalo^  a  species  of  mullet  caught  in  the  Me- 
diterranean,  and  thrown  into  the  fresh  water  of  the  lake, 
where  they  iK)t  only  live,  but  increase  greatly  in  siye  and 
improve  in  flavour,  and  are  a  considerable  article  of  liuury 
in  the  island.  This  lake  has  no  communication  with  the 
sea,  and  is  chiefly  filled  with  rain  water* 

Note  on  page 35\. 

Though  coal  strata  rarely  if  ever  terminate  in  what  col- 
hers  call  the  deep,  or  dip ;  yet  we  know  that  the  strata, 
after  declining  to  a  certiun  depth,  frequently  rise  in  an  op- 
posite direction ;  the  edges  of  the  strata,  may  thus  be 
hid  by  rocks  of  another  formation,  and  the  strata  may  ter- 
minate at  no  great  distance  from  their  present  knoi^n  ex- 
tent. 

Note  on  page  353. 

Magnesian  lime-siove  of  DurliamJ]  The  following  ac- 
count of  the  lime-stone  of  this  district  is  extracted  from  a 
paper  I  published  on  the  Geology  of  Northumberland  and 
Durham,  in  the  Philosophical  Magazine  for  February  181^ 

^^  The  Sunderland  lime-stone  £orn\ation  extends  along 
the  coast  north  of  the  Tyne,  but  not  in  a  continued  line. 
The  whole  thickness  of  this  lime-stone  has  not  been  mea- 
aurcd ;  nor  would  it  be  easy  to  ascertain  it,  as  senie  of  the 
rocks  are  very  indistinctly  stratified.  I  think  it  cannot  be 
Ic^s  than  one  hundred  and  fifty  yards.     Two  liilla  on  the 

west 
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west  of  Siffiderland^  containing  numerous  marine  organie 
reniains,  I  am  inclined  to  consider  as  of  subsequent  forma*^ 
tion. 

^'  The  lime-stone  of  Building  Hill  near  Sunderland  and 
9t  Fulwell  is  particularly  deserving  notice,  from  the  remarii* 
able  configurations  which  it  presents. 

^^  The  beds  at  the  former  place  are  of  considerable 
thickness :  the  lime-stone  is  imperfectly  crystalline,  is  of  a 
yellowish-brown  colour,  and  yields  a  foetid  smell  whe^ 
struck  with  a  hammer,  being  that  species  called  by  mine- 
ralogists swine-stone.  It  contains  nearly  the  same  propor- 
tion of  magnesia  as  that  of  Breedon  in  Leicestershire,  first 
analysed  by  Mr.  Tennant. 

**  The  lime-stone  in  some  of  the  beds  is  divided  into 
small  cells  uniting  with  each  other,  and  pretty  regularly 
arranged :  this  has  received  the  appellation  of  honeycomb 
lime-stone,  a  name  which  conveys  a  tolerably  correct  idea 
of  its  appearance.  A  superficial  observer  might  suppose 
^om  the  form  that  this  was  the  organic  remains  of  some 
species  of  madrepores ;  but  it  is  evidently  the  result  of  a 
tendency  to  crystalline  arrangement.  This  arrangement 
has  proceeded  still  further,  and  disposed  distinct  masses  of 
the  honeycomb  lime-stone  to  assume  determinate  forms  in 
the  substance  of  the  rock  itself.  The  crystallization  of 
some  of  these  masses  appears  to  have  diverged  from  a 
centre  laterally,  until  the  radii  were  met  by  those  of  other 
diverging  masses,  and  both  became  compressed  on  the  sides. 
The  most  striking  of  these  forms  nearly  resembles  a  papal 
mitre :  they  are  from  six  to  nine  inches  in  length  or  more, 
and  may  be  detached  from  the  rock.  Several  of  these 
mitre-shaped  masses  appear  also  to  have  come  in  contact 
during  their  formation,  and  to  be  compressed  at  the  place 
of  junction,  the  convexity  of  the  one  having  formed  a 

concavity 
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poncavity  in  tlie  sides  of  the  other.  We  must  either  ad« 
mit,  with  the  late  Mr.  Gregory  Watt,  that  a  cryatalliDe 
arrangement  of  the  particles  can  take  place  in  solid  bodies 
pit  the  common  temperature  of  the  earth,  or  that  these 
rocks  have  been  softened  by  heat,  or  some  other  causCi 
subsequently  to  their  formation.  Nor  will  even  the  latter 
opinion,  I  conceive,  be  very  improbable ;  for  on  the  elevated 
ground  at  a  little  distance  to  the  north-west  of  BuiMing 
Hill>  I  observed  immense  blocks  of  extremely  hard  and  very 
black  basalt  lying  on  the  surface  of  a  ploughed  field.  On 
inquiry,  the  qien  who  were  working  in  the  field  informed 
me  that  numerous  blocks  of  the  sume  kind  were  buried  un-r 
der  the  soil,  which  impeded  their  operations  in  ploughing  so 
much,  that,  when  they  were  too  large  to  be  removed,  they 
were  obliged  to  break  them  by  blasting  with  gunpowder. 
I  therefore  think  it  extremely  probable,  that  an  immenas 
whin  dyke  has  intersected  this  formation  of  limestone.  The 
quarry  at  Fulwell  is  close  by  the  turnpike  road  to  Newcastle, 
^nd  about  two  miles  from  Sunderland.  The  lime-stone 
here  presents  little  of  the  honeycomb  appearance  of  that 
at  Building  Mill ;  but  it  is  not  the  less  remarkable  :  it  i« 
covered  by  a  stratum  of  calcarepus  marie,  or  rather  sand ; 
^me  of  the  beds  are  also  divided  by  the  same  pulverulent 
inarlc  or  calcareous  sand,  in  which  are  imbedded  numenms 
detached  spheres,  spheroids,  and  also  botryoidal  and  sta-' 
iactitical  masses  of  lime-stone  :  but  the  latter  are  attached 
to  the  rock.  The  upper  stratum  of  calcareous  sand  also 
contains  numerous  balls  and  clusters  of  balls  of  a  similar 
kind,  varying  in  size  from  that  of  a  pea  to  ten  or  twelve 
inches  in  diameter.  That  these  balls  are  not  water-worn 
is  most  evident :  many  of  them  have  a  crystalline  diverging 
radiated  structure,  others  are  curvedly  lamellar.  The  most 
l^triking  circumstance  attending  these  balls  remains  tQ  be 

noticed : 
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noticed :  many  of  4;hein  appear  to  have  come  in  contact  at 
|i  qei^tain  st^ge  of  their  formation :  they  preatent  the  ap- 
p^^ance.of  two  pr  more  balls  with  a  segment  cut  from 
fiach^  .and  closely  miitied  at  the  place  of  section ;  in  pther 
^nptances  a  number  of  bi^ls  appear  to  have  pressed  latecally 
op  .endi  other  and  flattened  thie  sides^  thus  forming  poly- 
lie^ial  prisms  convex  at  their  upper  and  lower  extremities. 
oThis  .singmlar  conformatipn  had  not  escaped  the  attention 
of  that  ^ng^i^am  young  philosopher  the  late  Mr.  G.  Watt« 
It  is  indeed  a  fact  analogous  to  what  tpok  place  .in  the 
^^cperinv^nt  be  made  by  melting  seven  cyft.  of  hasalt>  and 
^ufiering  .it  to  cpd  slowly.  A  number  of  small  globul/es 
fonped  in  the  mass^  and  enlarged  till  they  compressed  each 
^ber  into  a  prismatic  shape.  The  formation  of  these  |>aUs 
of  lime-stpne  in  the  soft  strata  of  this  rock  might  proba* 
biy  throw  some  light  on  the  globular  and  columnar  struc* 
tuce  common  to  inapy  rqck  iprmaUops^  were  t^e  various 
|]i(9m>miena  ^rfrfuMy  noticed. 

Note  on  page  853. 

The  first  distinct  account  of  the  succession  of  the  beds 
and  strata  above  and  below  the  chalk  formation  on  the 
eastern  side  of  England,  was  published  by  Mr.  JoJ^n  Farey, 
fai  the  first  volume  of  his  Agricultural  Report  of  Derby- 
shire^ page  111.  Mr.  Farey  on  this  and  on  several  other 
occasions  has  stated  himself  to  have  been  a  pupil  of  Mr, 
William  Smith  of  Mitford^  near  Bath.  According  to  Mr. 
fsLfl^j,  Mr.  Slpnith  had  the.  peculiar  merit  of  having,  ascer- 
tained^  **  First,  the  practicability  of  tracing  the  basset  edges 
of  the  strata  ui.. continuous  lin^,  and  delineating  them  in 
^.aps :  SccqTi4lY>,t}^t  alluvia,  properly  so  called,  are  always 
the U2pei[ino0t ;  ^ug^d ^^o^wiqg ^ow  toidistinguish  suchalluvia 
from  |[^lfur«sj(^ata ;  fund  Thirdly,  in  the  dbcovery  that  cer« 

2  If  tain 
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lain  sj^ecies  of  orgahic  remains  are  peculiar  to  certsdn  strata 
in  the  British  series."  In  confirmation  of  which  he  formed 
a  large  collection  of  fossils,  marking  their  localities  care* 
fully>  to  identify  the  different  strata.  I  am  not  aware'  that 
Mr.  Smith  has  published  any  account  of  his  own  labours^ 
and  it  is  only  from  his  pupil  Mr.  Farey  that  we  are  made 
aequaiAted  with  them.  This  is  the  more  to  be  regretted, 
1^  the  novelty  and  interest  which  would  have  attached  to 
them  a  few  years  since  is  in  some  degree  passed  by,  incon- 
sequence of  similar  discoveries,  by  the  ceiebrat^  naturalist 
buvier,  having  been  published  already  through  Europe.  It 
is,  however,  but  justice  to  our  own  countryman  to  state, 
that  Mr.  Smith  had  ascertained  the  important  geoIogidJ 
fietct,  that  certain  organic  remains  are  confined  to  particular 
strata,  and  serve  to  identify  them,  before  Cuvier  had  com- 
menced his  labours  in  this  new  field  of  inquiry. 

It  may  perhaps  be  doubted  whether  the  existence  of  or- 
ganic remains  is  sufficient  to  identify  strata  in  distant 
parts  of  the  globe,  as  similar  remains  are  sometimes  found 
in  rocks  which  have  very  little  resemblance  to  each  other : 
on  which  account  I  am  inclined  to  believe  that  this  posi-  , 
tion,  like  many  others  which  have  been  advanced  in  geology, 
nuiT^t  be  taken  with  certain  limitations :  indeed,  were  we  to 
admit  that  any  one  stratum  ever  extended  from  the  arctic 
circle  to  the  equator,  it  seems  more  than  probable  that  the 
animals  which  lived  upon  it  must  have  been  very  different 
in  different  latitudes. 

Mr.  Farey' s  Description  of  the  Upper  Series  of  the 

British  Strata. 

"  The  highest  knoun  stratum  (except  the  gravels  aqd  al- 
luvia) wliich  appears  in  England,  and  from  beneath  which 
all  it?  other  regular  strata  basset  or  emerge  in  succession, 
is  a  stunl  which  occupies  Bagshot' Heath  and  a  large  di- 

'"  strict 
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Strict  S.  and  W.  of  Esher  in  Surrey,  of  which  sand  numerous 
other  patches  are  to  be  found  in  the  south  and  eastern 
counties,  as  far  north  as  Holdemess  in  Yorkshire. 

The  next  in  succession  has  been  called  the  London  clay, 
which  is  indeed  a  large  assemblage  of  blue  and  reddish 
clay  strata,  .with  beds  of  sand  and  of  small  chert  nodules 
interposed.  Numerous  deep  wells  have  within  the  last 
twenty  years  been  sunk  through  it,  in  London  and  every 
part  of  its  vicinity.  The  ludi  Hehnontii,  or  clay-balk  of  ^ 
which  Parker's  Roman  cement,  of  such  great  use  in  water- 
works and  in  stuccoing  buildings  in  imitation  of  stone,  is 
m^de,  is  a  product  of  the  London  day.  * 

A  sand  stratum  of  very  variable  thickness  next  succeeds, 
and  lies  immediately  upon  the  chalk  in  most  instances,  as 
between  Greenwich  and  Woolwich  on  the  jiaaks  of  the 
Thames,  which  has  often  been  called  the  Blackbeath 
sand :  it  frequently  has  a  bed  of  cherty  sand-stone  in  it 
called  the  Grey-weathers. 

Ttie  upper  or  flinty  chalk  is  a  thick  stratum  of  soft  or 
free  chalk,  with  numerous  layers  of  flint  nodules,  and  great 
variety  of  echini  and  other  organized  remains.  The  extre- 
mities of  this  stratum  are  to  be  found  with  us  in  the  Isle 
of  Wight  in  Hampshire,  and  at  Flamborough  Head  in 
Yorkshire. 

The  lower  or  hard  chalk  is  without  flints ;  its  beds  in- 
crease in  hardness  until  near  the  bottom,  where  a  white 
free-stone  is  dug,  as  at  Tottemhoe  in  Bedfordshire  and  nu- 
merous other  places :  that  brought  from  near  Ryegate  and 
elsewhere  on  this  stratum  south  of  London,  is  used  as  a 
iire-stone. 

The  chalk  marl  next  succeeds,  which  varies  much  in  its 
appearance,  sometimes  resembling  chalk  when  first  ex- 
posed,  in  other  places  appearing  as  a  blue  clay. 

2h2  The 


>Tbe  AviisbucyUnie-vstwieAtraliia  ivitbgieea,8and-JiedMK 
-rtmanki^ble  for  Uiciriarg^  conuia  anomonis,  numerouahoac* 
head  musdes,  entrochi^  And  other  dieHs,  gtoMopetne^  foe 
.Sand  strata  succeed^  and  several  clays  vrbich  ha^  bo  Terr 
decided  character,  .^xe^pt  oiie  of  them,  which  contaios* 
thin  bed  of  daf  k-«alQured  limestone,  almost  entirely  cqid- 
posed  of  small  turbinated  sheUs  called  Sussex  marble,  of 
which  the  sl^ader  pilUrs  in  Westminster  Abbey  and  aoit 
of  .our  catbedcals  ace  mKde. 

The  next  cbaracUeristic  stratum,  owring  to  its  ficmniiigt 
ri()ge  of  conspicuous  hills  through  the  country,  is  the  Wo- 
burn  sand ;  a  thi<;k  ferruginous  stratum,  which  bekNrits 
middle  contains  a  stratum  Of  filler's  eartii,  whioh -as'Xhe 
thickest  and  most  pure  in  Aspley,  and  at  Hogstye^esd,  Iwo 
miles  N»W«  of  -WQlHirn,  of  uny  known  pbuoe :  >the  afip^ 
parts  of  this  sand,  are  .frequently  cemented  by  Ae.niiiiUfil 
iron  into  oar-rstone,  and  the  lower  parts  .contain  iagnents 
of  silicified  wood. 

The  dunch-clay  succeeds.  It  is  gpeneraliy  blue,  iv  in- 
clining to  black,  and  is  of  great  thiduieas«  It  has  towaids 
its  top  several  beds  of  clunch,  a  soft  chalk-Uke  stone  in  ap- 
pearance, whence  the  name :  numerous  large  gryphitesand 
small  pointed  belemnites,  cornua  ammonis,  selenite,  &c. 
are  found  above  the  clunch  ;  the  lower  part  frequently  con- 
tains beds  of  bituminous  s^halc  or  ^lav.  'Fhe  vale  of  Bed- 
ford,  the  fens  of  Cambridgeshire,  Lincolnshire  and  York- 
shire, are  almost  enti^eiy  situated  upon  the  great  plancf 
formed  by  the  gradual  endings  or :  feathering-out  of  ^  this 
btratum.  The  Bedford  limestone  succeeds :  it  faasbhte 
clay  beds  interposed,  and  abounds  with  small  gryphites  and 
other  shells:  Buckingham,  StoneVrStratfbrd^i Newport- 
Pagnel,  and  Bedford,  stand  upon  this  stratum.. 

A  thick  clay  succeeds ;  and  then  the  famous  ragstone  of 

Bamack 
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fiamack  and  numerotis  otHer  places^  composed  almost  en- 
tirely of  minute  shells  and'small  fhagmcfnts  of  shells^  whence 
tbe  stones  were  dug  for  many  of  the  most  ancient  and 
pierfectly  preserved  churches  aiid'  ancient  buildinjg^  in'  the 
eattem  counties. 

The  limestone  and  gray  slate  strata  of  Stbnesfield;  €olly- 
Weston,  and  numerous  other  places',  next'  succeed ;  and 
abound  with  bones^  glosiiopetrae,  and  other  oi^anic  re- 
ihitfns;  and  then^  a  sand  stititum. 

Ihe  Bath  free-stone  stmta  next  sUceeed,and'form  a  most 
dmracteristic  range  thmugh  England')  frOm  the  Isle  of 
Portland*^  in  Dorsetshire  tb  the'  I^umber  in  Yorkshire: 
Stamford,  Ancastlfr,  and  LincolYi,  are  upohthis  stratum,  in 
its  range  to  the  eastward  of  Derbyshire.  The  upper  part 
is  generally  a  white  or  light  gray  lime-istone;  then  the  ova- 
formed  lime-stone  or  oalite  of  Bath,  Ketton,  &c.  succeeds; 
below  which  is  a  great  thickness  of  light-yellow  free-stone, 
which  abounds  with  CutioUs  shells  and  fossils.  Bdow  this 
a  sand  and  claji^  occur;  arid  then  the  free-stone  of  so  many 
hues  of  yellow  and  red,  which  is  dug  near  Northampton 
and  numerous  other  places  on  this  range. 

A  number  and  great  thickness  of  sands  and  clays  suc- 
oeedy  which  admit  of  no  precise  or  characteristic  description 
in  so  brief  an  account  as  this  is  intended  to  be. 

The  Maidwell  lime-stone*  or  blue  marl-stone  (so  called 
by  Mr.  Smith  from  the  matter  in  which  it  is  imbedded) 
mj(cceeds;  and  then  other  clays,  which  are  succeeded  by 


♦  Mr.  Farey  hav  since  stnted  his  opinion,  that  tbe  Portland  and  St.  AI- 
bian's  Hf^ad-ooKte  Iimefton(Fd«>et  not  belong  to  the  Batb  strata;  but  to  th(«« 
of  Aylesbury.     Phil.  Mag.  vul.  xxxix.  p.  94. 

f  .Mr.  Bevan,  having  eiuimined  the  ricinity  of  Maidstone,  it  said  to 
Vefer  the  limestone  resting  on  Mad  to  the  lower  part  of  the  NorthamptoqEl 
stone. 

The 
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.  The  lias  clay.  This  stratum  is  of  considerable  thickness, 
forming  generally  a  light-yellow  tenacious  surface^  cold, 
and  much  disposed  to  ant-hills  when  laid  down  in  pasture. 
A  part  of  this  stratum  approaches  within  three  or  four  nliies 
of  Derbyshire,  which  has  enabled  me  to  introduce  it  in 
the  Map  of  strata  and  soils  facing  page  97*-  It  is  there 
distinguished  by  a  blue  colour,  through  a  part  of  Leices- 
tershire and  Nottinghamshire,  from  Wigstead  to  Cotgrave. 
This  clay  is  rendered  remarkable  by  a  lime-stone  in  thin 
blue  beds,  called  blue  lias,  which  it  contains;  two  or  threi 
of  which  beds  make  a  lime  which  is  su|)erior  to  any  other 
that  is  known,  for  sluices,  locks,  piers,  and  other  water- 
works, on  account  of  its  property  of  setting  almost  inune- 
diately,  even  under  sea  water,  and  continuing  to  harden. 
Watchet  and  Aberthaw,  on  opposite  sides  of  the  Bristol 
Channel,  Southam  in  Warwickshire,  and  Barrow  on  Soar, 
are  particularly  famed  for  this  lime,  and  which  probably 
^ight  be  had  as  good  at  numerous  other  places  throughout 
the  long  range  of  this  stratum,  extending  from  one  sea  to 
another  without  much  interruption,  I  believe,  if  the  same 
judgement  and  care  were  used  in  selecting  the  beds  most 
proper  for  water  lime,  instead  of  burning  together  the 
whole  of  what  they  dig,  without  selection  or  discrimi-' 
nation,  as  i$  too  commonly  done  at  lime-kilns. 

The  blue  lias  is  remarkable,  owing  to  the  pentacrinus, 
the  bones,  scaly  fish,  and  other  fossil  remains  which  it 
produces  throughout  its  whole  extent ;  and  it  has  on  the 
whole,  perhaps,  the  best  marked  and  most  important  geo- 
logical characters  of  any  stratum  in  the  British  series. 

la  ^he  lower  part  of  the  lias  clay  a  great  succession  of 
other  lime-stone  beds  often  occur,  called  white  lias;  but  at 
Barrow  on  Soar  and  other  places   they  appear  only  as  a 

•  Derbyshire  Report 

whitish 
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whitish  inarl^  in  the  banks  of  the  river  and  elsewhere^ 
mouldering  with  the  weather. 

From  subsequent  observations  it  appears  the  lias  lime- 
stone does  not  exist  in  one  continuous  range  north  of  the 
Humber,  though  detached  portions  of  it  occasionally  occur. 
.  A  sand  terminates  this  series^  which  appears  at  Balderton 
near  Newark."  After  this,  Mr.  Farey  descrilies  the  red 
marl  as  forming  a  regular  stratum,,  which  he  seems  to 
consider  as  identical  with  the  red  sand-stone  :  but  Mr.  F. 
has  since  admitted  that  the  red  murl  is  in  general  unc<)n- 
formably  laid  over  the  coal  measures,  and  other,  subjacent 
strata.— -See  Phil.  Mag.  vol.  xliii.  p.  330 ;  and  vol.  xlv. 
p.  167  and  170. 

Note  on  page  375. 
A  section  across  this  part  of  our  Island."]    The  section 

m  t    • 

given  plate  VII.  fig.  1,  is  intended  to  represent  the  suc- 
cession and  arrangement  of  the  different  rock  forma- 
tions, without  attempting  more  than  a  general  resemblance 
to  the  surfigice  outline.  The  elevation  of  the  hills  com- 
pared  with  the  base  is  necessarily  represented  considerably 
greater  than  the  true  proportion,  for  the  sake  of  distinct- 

»    •  • 

ness.  Had  the  true  proportion  been  preserved,  the  height 
of  Skiddaw  or  Sea- fell  would  not  be  more  than  the  one 
hundred  and  fiftieth  part  of  the  base  line. 

Note  on  page  386. 

Pule  moss-tunnel.']  "  About  240  yards  from  tlie  en- 
trance of  the  hill,  and  eighty  yards  beneath  the  surface, 
the  workmen  discovered  a  fault  or  throw  of  the  strata, 
which  was  filled  with  shale  reared  on  the  edge,  mixed  with 
softer  earth,  and  in  some  places  with  lumps  of  coal.  As  the 

workmen 
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worktuen  proceedecF  with  the  excaVatibh,  whidi  is  nearly 
four  yards  wide^  the  fault  for  about  forty  yards  occbj^ied 
by  degrees  niore  of  the  space  of  the  tdnnel ;  at  about  fire 
feet  from  its  southern  nnu^  it  contained  a  rib'  of  lime- 
stone near  four  feet  in  thickness  at  the  bottoiir,  bu^  tai 
quite  so  thick  at  the  top  6f  the  tunnel ;  on  each  side  of  die 
rib  it  contained  frnUs  of  lim^tone  promiscuouisly  scatteredy 
fr6m  an  ounce  to  lOOlbs.  weight.    The  workmen  hme 
pursued  the  tunnel  d5^  yards  firom  th^  ehtrsLnce,  and  the 
ribft  and  balls  of  lime-stone  continue  the  sahie.  The  fime^ 
stone  of  the  rib  is  not  perfefctly  pure,  tteit  of  the  balls^  tessy 
bnt  makes  a:  gobd  fime  for  cement :  tlfough  the  Surface  of 
the  country  is  rocky,  it  does  not  discover  HiAe^stone  any 
where  within  twenty  miles;  yet  if  the  strata  in  Derbyshire 
and  near  Clithero  be  examined,  it  will  appear  probable  that 
the  base  of  these  hills  is  lime-stone." — Phil,  Trans.  1796* 
1   am   inclined  to  believe  the  lumps  of  coal  were  in- 
durated bitumen,  from  some  specimens  conected   at  the 
top  of  Stanedge,  a  heigt)ouring  hill.     The  balls  appear  to 
contain  a  considerable  portion  of  calcareous  earth,  united 
with  iron-clay,  and  can  scarcely  be  denoinlnated  linie-stone. 
The  stone  from  the  rib  ffcscribed  as  lime-stone,  I  had  no 
opportunity  of  examining;   it  was  all  consumed  or  re- 
moved.    In  some  of  the   collieries  to   the   east   of  this 
tunnel,  near  Huddersiield,  round  balls  were   also  found 
containing  shells  filled  with  liquid  bitumen. 


Note  on  page  4S 1 . 

I  am  far  from  considering  the   rocks,  after   their   first 
formation^  as  being  in   a  state  of  profound  repose  :    new 
arrangements,  occasioned  by  variatioh  of  temperature  or 
other  causes,  might  take  place  among  the  particles  them- 
selves. 
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MreSf  ftfl  explained  in  the  preceding  ehJEtpter ;  for  ttunik^ 
rous  drcunistanc^  lead  us  to  infer  that  processes  are  still 
going  on  in  the  recesses  of  the  earth,  without  the  im- 
mediate aid  of  volcanic  fires.  The  explosions  which  are 
sometimes  heard  in  mountains  not  volcanic,  (see  Travels 
of  Captains  Lewis  aiid  Clark,)  and  the  ejection  of  masses 
fitted  with  crystalline  matter  recorded  by  numerous  travel- 
lers^ are  at  present  too  imperfectly  known  to  warrant 
any  Conclusions ;  but  they  seem  to  indicate  the  present 
active  state  of  the  interior  part  of  the  globe. 
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Height  of  some  of  the  most  remarkable  Mountains  and 

HiUs  in  England  and  ffales. 

[Tlie  following  admetsarements  of  die  Enj^lish  and  Welch  raoira- 
talns  are  extracted  from  the  raluable  'Trigonometrical  Sanej*. 
begon  bjf  Major-general  Rojand  completed  bylieuteDant-coloDel 
Mudge:  a  work  which  will  remain  a  lasting  monument  of  the 
ability,  accuracy,  and  perserering  application  of  its  authora,  aod 
do  honour  to  the  reign  in  which  it  was  undertaken.] 

Feet. 
AUington  KqoII^  Kent      —  —329 

Arbury  Hill^  Northamptonshire  —       804 

Arran  Fowddv^  Merionethshire  —     2955 

Arrenig,  Merionethshire  -~     2809 

Axedge,  Derbyshire      —  —     1751 

Bagshot  Heath,  Surrey        —  _  463 

Barstead,  Surrey                  —  —  576 

Bar  Beacon,  Staffordshire   —  —  653 

Beacon  Hill,  Wiltshire        —  _  690 

Beacons,  Brecknockshire     —  —  2S62 

Bardon  Hill,  Leicestershire —  —  853 

Beachy  Head,  Sussex          —  —  564 

Becston  Castle,  (Top  of )  Cheshire  —  556 

Black  Comb,  Cumberland  —  —  1919 

Black  Down,  Dorsetshire     —  —  817     . 

Black  Hambletoh  Down,  Yorkshire  —  1246 

Bleasdale  Forest,  Lancashire  —  1709 

Hauls  worth  Hill,  Lancashire  —  1689 

Botley  Hill,  Surrey               —  —  880 

Bow  Fell,  Cumberland        —  —-2911 

Bow  Hill,  Sussex                 —  —  702 

Bradley  Knoll,  Somersetshire  —  973 

Broadway  Beacon,  Glocestershire  — .  1086 

Brown  Clee  Hill,  Shropshire  —  1805 

Cader 
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* 

• 

Feet. 

Cader  Ferwyn,  Merionethshire 

— 

2563 

Cader  Idris^  Merionethshire 

— 

2914 

Caermarthen  Vau^  Caennarthensliire 

.» 

2596 

Calf  Hill^  Westmoreland    — 

— 

2188 

Cam  Fell,  Yorkshire      — 

— 

2245 

Capellante,  Brecknockshire 

— 

2394 

Carnedd  David,  Caernarvonshire 

— 

3427 

Camedd  Llewellyn,  Caernarvonshire 

— 

3469 

Carraton  Hill,  Cornwall    — 

— 

1208 

Castle  Ring,  Staffordshire   — 

— 

715 

Cheviot,  Northumberland 

— 

2658 

Collier  Law,  Durham          — 

— • 

1678 

Conbton  Fell                   — 

— 

2^77 

Cradle  Mountain,  Brecknockshire 

— 

2545 

Cross  Fell,  Cumberland            — 

— 

2901 

Crowborough  Beacon^  Sussex 

— 

804 

Dean  Hill,  Hampshire         — 

-. 

539 

Ditchling  Beacon,  Sussex 

— 

858 

Dover  Castle,  Kent             — 

— 

469 

Dundry  Beacon,  Somersetshire   — 

1668 

Dunnose,  Isle  of  Wight      — 

— 

792 

Dwggan  near  Builth,  Brecknockshire 

— 

2071 

Epwell  Hill,  Oxford  —  —  836 

Fairlight  Down,   Sussex      —  —  599 

Farley  Down  (near  Bath),  Glocestershire  700 

Firle  Beacon,  Sussex  —  —  820 

Folkstone  Turnpike,  Kent  —  —  575 

Frant  Steeple  (Top)  Sussex  —  —  659 

Fiirland  (near  Dartmouth)  Devonshire  589 


Garreg 
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Feet, 

Gaiteg  MouiitaiQ,'  FlititBhire  — -        •—  8SS 

Garth  (The)  Glamorganshire  —        ~  981 

Ghusmere  Fell,  Cumberiand                —  2756 

Greenwich  Observatory,  Kent             — ^  214 

Hathersedge,  Derbyshire    —             —  1377 

Hedgehope,  Northumberland  —»  2347 

Helvellin,  Cumberland        —  —  3055 

Hensbarrow  Beaeon,  Cornwall  —  1034 

Highclere  Beacon,  Hampshire  -^  SKM) 

High  Pike,  Cumberland      ~  —  2101 

Holland  Hill,  Nottingham  —  —  4'87 

Holme  Moss,  Derbyshire     —  —  185d 

Holy-Head  Mountain,  Anglcsea  —  709 

fcgfeborough  Hill,  Yorkshire    —  ^2961: 

fokpin  Beacon,  Hki!)p9lhire —  — -  10 If 

Kilhope  Law          —               —  —  2196 

iat  Hill,  Cornwall  —              ^  —  1067 

Leith  Hill,  Surrey    —              _  ^  99» 

Lillyhoe^  Hertfordshire        — *  —  664 

Lsndinan  Mountain,^  Montgomery  —  1898 

Llanelian  Mountain,  Denbighshire  «—  1110 

Llangeinor  Mountain,  Glamorganshire  185^ 

Long  Mount  Forest,  Shropshire  —  1674 

Long  Mountain,  Montgomery  —  1330 

Lord's  Seat,  Derbyshire            —  —  1715 

Mahrem  Hill,  Worcestershire  —*  1444 

Moel  Fammau,  Denbighshire  — •  1845 

Moel  Morwith^  Deitbighshire  — *  1767 

Mow  Copt,  Cheshire  —  —1091 


Nine 
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Feet. 

Nine  Standards,  WestauHidimd         r—  2136 

Oipit  Heights^  Derbyshire  —      S^ 

jP^odle  Hill,  Lancashire    ^    ~      ~  1QQ3 

I^^ngaen,  Merionethshire    — -  — -  ISifi 

Pfenmaen  Maur,  Caernarvonshire       -~  li4fi 

jp^nigent  Hill,  Yorkshu-e  —    ~      ~  2270 

Pillar,  Cumberland  _    —      _  2893 

Plynlimmon  Mountain,  Cardiganshire  —  2463 

Radnor  Forest,  Radnorshire     —      —  2163 

Rivel  Mountain,  Caernarvonshire       —  1866 

Rivington  Hill,  Lancashire  — *-  1545 

Rodne/s  Pillar  (Base  of^  Montgomery  1 199 
Rooks  Hill,  Sussex,             —            —      702 

Roseberry  Topping,  Yorkshire  —  1022 

Ruii]^les  Moor,  Yorkshire         *-      —  1308 

Saddleback,  Cumberland  —      —  2787 

Sea  Fell  (Low  Point),  CumberUind    —  3092 

Sea  Fell  (High  Point),  Cumberland  »  3166 
Sherwood  Forest,  Nottinghain9hire  -—  600 
Shoqters  Hill,  Kent           —    -^      —      446 

Shunnor  Fell,  Yorkshire    ^    —      —  2329 

Skiddaw,  Cumberland      r—    •»      *-«-  SOZf 

^^ea  Fell,  Isle  of  Man  «^  —  —  2004 
Snow^^MV^  Caernarvonshire  rr-                 3571 

4U>irHill,  Her^ordshire  ^  ,  —  1417 
t^^ofw  on  the  Wold,  Gloces^rshire      «-^      S8S 


^regvron  D<^vn,  Gardigan«hire        «w-    1747 
TrfUeg  Beacon,  Mpnmouthshire       -<»p*    JOll 


Water 
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Feet. 
Water  Craggy  Yorkshii«    _    —     -.    2186 

Weaver  Hill,  Staffordshire —    1154 

Wendover  Down,  Buckinghamshire  —  90S 
^liemside^  (in  Ingleton  Fells)  Yorkshire  2384. 
Whemside,  (in  Kettlewell  Dale)  Yorkshire  2263 
White  Horse  Hill,  Berkshire  —  —    893 

Wittle  Hill,  Lancashire       —  —    1614 

Wrekin,  Shropshire  —    — .      _     1320 


Mountains  in  Scotland. 

Of    the  height  of  the  mbuutams   in   North   Britain,  I 

believe  there  have  not  hitherto  been  any  very  accurate 

admeasurements  taken.     The  following  are  some  of  the 

most  considerable,  with,  the  heights  as  given  by  diflferent 

writers. 

Feet. 

Arthur's  seat  Edinburgh.  —  810 

Salisbury  Craigs  —  —       550 

Hartfell,  Dumfrieshire  3304  or  2800, 

supposed  by  Mr.  Jameson  the  highest  in  the 

south  of  Scotland. 
Goatfield,  Island  of  Arran  —  2945 

Benlomond,  Stirlingshire  *-  3262 

Benlawers,  Perthshire  —  -4051 

Ben  Mere,  Perthshire  —  —     3870 

Schehallien  —  —     3281  or  3564 

The  most  southern'  of  the  Paps  of  Jura  2359 
Mount  Battock,  Kincafdineshire  —  3450 
Ben -Nevis,  Invernesshire  —         4380, 

the  highest  mountain  in  Great  Britain. 
Cairngorum  —  —  ^—    4050 

Remarkable 
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Remarkable  Mountains  in  various  Parts  of  the  World. 

In  the  Alps.  Feet% 

Mont  Blanc               -r-  —        15680 

Mont  Rosa                —  —          15355 

Buet            —            —  —            10112        : 

St,  Gothard                —  —            9075 

Hospice  of  Great  St.  Bernard  —     ^40 

Order  Spitze,  Tyrol  —             15430 

•  Various  mountains  in  these  chains  rise  from  six  to  nine 
thousand  feet.  Few  of  the  mountains  north  of  the  Alps 
rise  six  thousand  feet  above  the  level  of  the  sea:  but  some 
of  the  summits  of  the  Dpffrene  Hills^  which  separate  Nor- 
way from  Sweden,  rather  exceed  that  height.  Mont  d'Or 
and  Cantal,  in  the  district  of  Auvergne  in  France,  are 
above  six  thousand.  The  highest  peaks  of  the  PjTcnees 
rise  from  six  to  ten  thousand  feet  above  the  sea,  Vigne 
Marie,  the  loftiest  summit  in  this  chain,  is  ten  thousand 
and  sixty-eight  feet. 

Italy  and  Sicily.  Feet. 

Mount  Etna  (doubtful)  —  10963 

Vesuvius  —  —  3900 

Of  Africa  the  geography  is  too  little  known  to  furnish 
us  with  any  correct  account  of  the  mountains.  Those  of 
Abyssinia  have  been  estimated  to  rise  as  high  as  the  Alps, 
and  the  chain  of  Mount  Atlas  to  equal  the  Pyrenees : 
Some  of  the  mountains  at  the  southern  extremity  of 
Africa  are  also  supposed  to  be  of  equal  height. 

Feet. 
Peak  of  Teneriflfe  —  12236 

Gross  Mome,  Isle' of  Bourbon  9600 

Volcano,  ditto  —  7680 

lu 


> 
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In  Asia  the  Altaic  chun  has  summits  sdd  to  exceed 
10,000  feet. 

The  high  table  bad  in  tWctdtii  Wf  Asia  has  not  been 
measimd.  The  B^giintaJnaof  Thibef.tare  estimatod  to  rise 
25^000fe«t..  .In  the  Indian  Islapds  theva  W)  feveril 
mountains  which  are  said  to  rise  from  id  to  JS.OOOIeet. 

South  America. 

Chimborazo,  Quito    /'*"^*—f'**  22,700 

Cotopaxi,        ditto    ...        —  *   20,325 

Picd'Oriziba —           —  17,868 

Many  otjier  mountiuns  in  the  Andes  equal  or  exceed  ^ 
height  of  Mdntl3^c« 

«:    ,         .     North  America. 
Somefyitty  kAgrmountwisrise  on  the  western  coaal;  |mt 
few  of  the  mountains  in  the  .Apaladiian  chaiii^  or  the 
AUegahny  on  the  eastern  side,^  rise  three  thousand  feet 
^k  level  of  th6  sea«    ' 


..f  ♦ 


The  greatest  depth  of  the  sea  that  it  has  been  practieaMe 
to  metlsur^  !s  '*  one  mife  ^ffiid  sixty-six  feet/  The  arerage 
depth  has'beeii  estimated  at  four  miles,  but  according  to 
La  Place  it  cannot  be  less  than  eleven  miles.  He  founds 
this  op^uon  on  the  depth  of  water  necessary  to  ra^e  the 
tides  to  a  given  height. 


#. 
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A  VOCABULARY 

Conlahungsomeofiki  Temu  MiNmmusedin  Geology 
and  Mmerulqgg,  which  mag  moi  hi  fimliar  to  the 
general  Reader. 


The  Pages  rgfer  to  the  pnMni  nrf— ii       IV—.  implits  thai  the  term 

is  proviiicial. 

jicihcHte,  (IVom  aktm,  a  raj,  and  Bihoe,  a  itae,)  called  alio 
JctinoU,  a  mioeral  geoeralfy  radkttdly  nd  iDclining  to  a 
green  colour^  conf ideied  as  a  tpedes  of  hornbleiide. 

AdamanHne  lustre,  denotes  a  lustre  of  a  siodlar  kind  ^to  that 
.    of  pearls^  but  much  more  briUiant 

Adularia^  a  varietjr  of  felspar. 

Aggregated,  untied  bf  adbesiod^  and  not  bj  chemkd  aflbltj. 

Alabaster,  p.  218. 

AUeyi,  combinatkxis  of  different  matsls  irith  etch  other* 

Alluvial depasitums^Mkci  chj,  grard^  ke.  formed  bj water 
from  the  destmctkm  of  rocks  or  strata. 

Abnakte,  pore  di^^  see  p.  S8* 

'^lum  slate  or  Skak, }  a  slaty  argiQaceoas  stone,  from  which  9ul. 
Aluminous  Sckbtui,  \    pbat  of  alomlne,  or  alam>  is  prodoceil* 
Amethyst,  a  violet-bine  variety  of  quarts. 
Amkmth,  fibrous  asbestna. 

Amorphous,  withont  any  rsfdar  shape,  oncrystalliaed. 
AmphiMe,  a  name  given  by  the  Frandi  tnhonihleDde. 
Amygdahidal,  seep.  29. 
Anhydroue,  not  oootaining  water. 

Anthracite,  aspeci^K^f  hard  shining  cod  which  bums  without 

.  smoke. 
Apatite,  a  stone  composed  of  lime  and  the  phosphoric  add. 
Argillaceous,  clayey. 

2 1  Arsenical 
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Jrsemud  pgriiei,  a  white  ipleiident  oooildQ^tioo  of  anooiCi 

^inxif  andfolphur. 
Jsbmhu,  a fibnrai  M^c^atphib ^^m^lwilh  a  pH^  1g!^ 
oompoied  of  wia^  claj,  and  magoetta* 

i^i(|ftle«  a  Uaduih  green  qgril^iUised  ^iiv^  r?^lf^  ^  '"'^ 
and  lava,  Df^j,  |);ie^^  ^  ;,.,^  ^^ 

Borynr/a  ^actflaritafttWKlfi  ImM^;  4ttlif  piopAtili'it- 
•embKif  lime  and  tike  fiMltiUllSi.     "^^    •     *'? 

Afaft,  see  p.  1 18.         '■''  "   ^■■^■^'•'■'  -^•j        ^-  ^'^'^' 

BoMoilk,  reaeoBMIftg^Malt^  either  in  MlfiietnKg  cr  t!oai|rtiiaon. 
^a«iftf«  pror.    When aatiatQfn rUei toiMiMMl,  kfiittid^ 

basset  or  crop  eat.  'A;-    r'"*    ■^■^'i--    * -.sv*' 

BiUand,  prof.  aMO-paMidet  of 'lead  ett^  v'  /-\v£.' 

JBm^,  prov.  iodniaiid  d^f •  ^"     .!»*=    ^»^-'    -'^ 

JMfiflwtiioitf^  cocisfcitag  bitmiiiii.  '  ^^<  ^ 

>iUte^  ao  ece  of  zineoooAtoed  wMiaaltibiMii       <"-     ^^ 
BoraUs,  salts  formed  bf  tbe  boracic  add.  '  >  -  -•' 

.fioror,  soda  combined  with  a  peculiar  ictd'tMktf  tfcfritfiiDb. 
ilo/ryoiM|^  shaped  flke^loidy^losteroigffapeik  ^'^^ 
Breccia,  composed  of  roondei  stonaa'or  MgtDonti'Of'Mc^ 

cemented  tojgether  into  a  ooaapacC  nsass,  attdt^aa^^U* 

ding-stone. 
Brmun  coal,  see  p.  195. 

thlcareous  earth,  ca  bonateof  lime,  seep.  ^4. 

Calcareous  spar,  or  Q^lcspar,  ciystallized  carbonate  of  £iiie. 

Calx,  a  metallic  oxjd,  or  a  metal  combined  with  osfgen  br 

combustion. 
Capillary,  shaped  like  hair.  .\ 

Carbon,  the  basis  of  charcoal. 
Carbonates,  salts  ftyrmed  by  the  eombinafion  of  anytase  wbh 

carbonic  acid. 
Carburets,  compound  substances  cootainifig  csibon* 

Cawk,  prov.  sulpbat  of  baxytes. 

OAbr, 


Chalk,  p.  210.  ^  ^       ,        .  ' 

maifoesia,  aad  oif^MffipmA  adi  brur  m.  <  ;bniiocn^ 
Chhriie  slaie,  slate  formed  of  chlorite.        .Bi      q  -j:»e  (i\&titP 

Cky  troN-s/oae,  tee  p.  I^O.  .iitn  qon^  10  ^  jtzsd 

Oay  porphyry,  clay-ateg4)i»MfciMMlJa  IpitlHiyiliiiTq    &:(i^\S- 
CUty  slate,  argillaceous achiitoty  tq^|i«tJuni£Ti>b.u  .v  .r,  .b^  ^ 
Clay  tUme,  a  compact  stone  which  pMffB^  liiit^DMiatiarMbi 
indurated  clay  to  jasper  aaAjraiP|>egfc<ilmiPi>  .<•»'<'  f'-  si^. 
OiMk-^tone,  a  besk))o«iaMi«hkft^riii^  iwirffriftn 

CoM/,  a  menifcuifijlihich  w»iJi«Mi  irfreaii^tnade!^    v 
<%4wpHi«r»4«,«4uiwia^,pri8«>iu.     .^  > 

^lie§ali4fii^  U^^lMysiM  unioa  oC  twa^  tmhitiam/  aot  the 

mechanical  nuxtureof  the  parts.  ^  ^ 

Compact,  see  p.  27.  ,>  v    .a>    -xf.*? 

Conctntricf  when  10  spherical  layers  orer  each  other. 
Canchaidal^  9eefi2f,:>  '  '^ 

CUeikp9nmt$k$  ^^vms,  jatms  or  tissoref  in  rtxks  tttH  Wlt^ 
'  'i  n^^ftoDr  mineml  ^abataiices  which  were  fortnbd  at  the  aarme 

ticde  with  the  rock,  and  constitate  an  original  part  of  it. 
CotemporaneQuu  rock-fanaatunu,  rock«  fbrdied  or  conaoBfiied 

at  the  same  time. 
CWdfatfo^MmoWUibB  coral. 
Crass  caurses,  the  veins  in  a  mining  district  that  cot  through 

the  regritf  veiaa. 
CuHeyifrm,  like  a  wedge* 
•  '•'^'^  2  1  2  Deem. 
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DecomposUion^  theteparatiDaof  tbeoooititiieDtpirii  ofbofTief 
by  chenucal  meant. 

DecrefikUion,  the  pecoliar  cxickling  noiae  made  bj  nit  whet 
thrown  apon  the  fire. 

DeBquisce,  to  dissol?e  bj  the  moistnre  of  die  atmoepliere. 

DendriHc,  like  a  tree. 

Dentiform,  shaped  like  teeth,  bat  applied  pnrticiilari^  to  tbt 
thape  of  canine  teeth. 

Dip,  the  pdnt  of  the  oompen  to  whidi  a  adttam  indbci. 

Docimasiic  art,  theart  of  aisajing  meCala. 

Dog^iooth  spar,  cakafeona  cryttali  comiiting  of  two  aa-dded 
pyramids  united,  whoie  bates  alteraatrij  advance  and 
recede  in  a  xif^xag  form.  This  ferm  of  the  ccyatd  is  de- 
nominated by  Haiiy  MetaiasHqu9. 

Druses,  cavities  lined  with  cijstals. 

Drusy,  covered  with  minnte  csystals. 

Dykes  or  Faults,  see  chapter  XIT. 


■ '  t 


■'  -I 


Earths,  names  of,  baiytes,  stronliany  mi^esiaj  liooe,  sUex> 

alumioe,  zircon,  glucine,  ittria. 
Efflorescence,  the  powder  formed  on  some  saline  snbstances  bj 

exposure  to  the  atmosphere. 
Eleclric,  attracting  light  tx>dies  when  rubbed. 
Elements,  the  simple  constituent  parts  of  substances* 
Epidote,  a  variety  of  actinolite. 

Fascicular,  (scopiforra,)  composed  of  a  number  of  needle- 
shaped  crystals  whicli  diverge  firom  a  common  centre. 

Felspar,  or  Feldspar,  sec  p.  38. 

Felspar,  varieties  of: 

Resplendent  Adularia 

Opalescent  Labradore 

Green  Amaa&on  stone 

■        V    ■       f 

Compact  Hornstone 

Decomposed  Kaolin  and  Porcelaio  earth. 

Filijbrm,  in  the  shape  of  threads. 

Flint, 


....    .  ,  ^ 
•  •    •  .J  w  •  ■ 


s  -  .■  <■ 
I* .1    >.. 
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*      T   '  •  "  • 

jyin/,  p.  211. 

Flmhf  slate,  p,  104. 

Flmtx,  a  barbaroQs  term  introduced  fcbm  the  German  to  de- 

note  flat  or  parairef'ftilatified'roclifs.  '  .      -  <  - 
JXoani  or  Fiucan,  (prov.)  a  whitish  or  blaeish  chyey  substance 

lining '▼eiiis,  ana  sometimes  intermixed  with  the  ore. 
Flucr  spoTf.  lime  combined  with  fluoric  acjd.. 
Flux,  a  suDstancetnixtwith  a  mmeral  to  promote  fusion. 

/Via^/e>  Uiat  will  easiljjT  crumble  in  pieces,    .^ 

Jkftoii,  iKe  fenaeiing  pt  a  solid  tK)dj]^id  l^  the'' Vp^^^ation 

of  heat. 


Galena,  lead  cotnblxied  wit]^  suljphurl 

Gdngartf  the  mineral  substance  in  yeint  lb ''which  the  ore  is 
generally  imbedded. '  ' 

Garnet,  a  crystallized  ttooe  oomposed  dt  sOex,  clay,  and 
iron;  the  crystals  have  generally  li'  sides  whose  faces 
are  rhombs. 

Gelatinise,  a  property  peculiar  to  some  minerals  of  forming  a 
kind  of  jelly  when  dissolved  in  acids. 

Geognosy*,  Geology.  Geognosy,  as  defined  by  Mr.  Jame- 
son, ''  teaches  us  the  relative  position  and  mode  of  for- 
mation of  the  mineral  masses^  of  which  the  crust  of  the 
earth  is  composed.**  Though  the  Germans,  who  de- 
light in  multiplying  words,  affect  to  make  a  distinction 
between  geology  and  geognosy,  according  to  this  defini- 
tion they  are  synonymous. 

Glance,  from  the  German,  shining. , 

Gludne,  a  peculiar  earth,  resembling  clay  in  many  of  its 
properties  >  it  forms  a  constituent  part  of  the  precious 
stone  called  beiyl,  or  aqua  marine,  and  also  of  the 
emerald* 


*  The  term  •^well  educated  freogmost/'  as  used  by  some  writers,  denotes 
a  perfect  disciple  ©f  Werner,  who  bas  lost  the  use  of  bis  own  eyes  by 
constantly  looking  tbrougb  the  eyes  of  his  master. 

Gnttts, 


4if^ 

Gneiss,  seep.  80.  -^-^i?     "^  '?  ,^lri^'    ■ 

Gossan,  (prov.)  a  friable  ferragineoot  tabitanqi  Attoj  MMr-lbft^ 

upper  part  of  inebJIle  vsitw  ia  CtaiiiMil^v  -  -^ 

Crraiti/tc,  see  p.  28*        .  .> .  <i«j  <.,■»  h  .  a.:.. 

Groffiiiiflr,  see  p.  37.  ■*.^-.    '   ^'-^  /■   ■•»'-  ^' 

Gray  wacke,  see  p.  lOi*  **      k 

Greenstone,  seep.  118.  ,-••••.  ol 

Growan,  a  name  used  by  Cornish  mioeri  Sat  gnmtt*. 
Gypsumj  Gyps,  lime  oombiood  with  salphdkfeacid»-        s-iivA 

Hanger  snd  Ledger,  (pron)|  the  vpptr  taid  ombr  Mec^^tf 

HtfivyjjfMki^^'ta'jtest'"        '^     '  ;.  ri.'irnv  .n*-:  i,,Wi^ll 

Heliotrope,  acilicioas  stecie^  genemUy.<pqtii J  gNtm  mtd  skdM 
HematkB,\:mjfmdcn)mmn^kmi^ '•  ^  icrrjn:*-  V^oi^A 
BbmUHdbv  8ie^^4lu    <  •■  m.  v  'i  j;rpty        ^  u  ,.    ;^Vt 

JftiM-ilnirj^ia IdiBeoils  stoae,  chert.  .   ■  ■^•*^^    .->.).  ivaMI 

j(brji*enQ.*4iMi|taH fiber .<0e^tx.mnirtitf-i^^  '..*'}inyf} 
Hydrat,  a  salt  or  mineral  aKkstaacooBflibaKi  wilb^Mti'u     ^l^ 
Hydrogen  ffKSs^^\jtts\\m\m\\V\  m.  '  i-      ir:---'    ...  .:-x-o  v$\i.u\4 

J4uper,  is  composed  of  sikx  and  da^ 

fnUgrant  ptarticle,  the  minutest  partidb of  a  oomfmvoibedyi 
which  can  be  supposed  to  exist  without  tseparati^g  the 
different  elemental^  particleaaf  wU^b  it  i0mf\m[mm*\ 

Intumescent,  boiling  and  sweUing^in  Ihe -fife  III10  atom.    ..        v 

iru/e^cfff^  coloured  like  the  rainbow.  *  .^  • 

Jron'Stonet  seep.  19O. 

iitrya,  a  ^MDuHari:eaitb,;;fiDUiid  in  m  mJnerrt  <n>siamB  at 
Ytterhy;  by  Dr.  GadoUn,  hence  cuttcd  bf.  mmm  nokm^ 
rraio^stsOadulimtej-  -  ■■      ■  *     .  ;.vj-:^ 

ASUofai  ()^rov*)i.a  scbistoiiarockiiearlyaUiQd  taabite* 


....  » . • 


LameUargJKmmlitg^tit^*'  -  ,1.  r.i 

-;'«     (X  Laminne, 


vmsmoMK  m,jnm9¥  40f 


1/ 


LamtMB,  thin  ktres. 

Linticui€r,  shaped  Hke  a  double  ooovfz  tent*         -.^    >. 
LeucUe,  a  mineral  found  in  lava»  whtdi  ceteoAltl'lMBeiln  tW^ 

crystallization,  but  confaint  polMt.         " '\  o  r;"* 

Xiaij  (prov.)  lee  Appendix,  p« 470.  ri  :  ••  '^^.j 

Zmtfyjee  p.34.  .'..:-  ,  ^ ..    s.  >•.-    • 

Xa^i  (prov.)  a  metallic  vein. 

JA^anCy  lee  p.  06.  >"    ^ 

Magnetic,  which  attracts  iron. 
^4(i€Mlr/?gntn  Mbooate  of  copper. 
Mannnillary,  with  a  nomber  of  convex  smooth  sorftosa.   ' 
Mandeltteitt,  a  name  given  bj  the  Germans  to  aasyfdrioi^  - 
Bicrlp  ipnafallj.  composed  of  day,  sdesy  andiinio.  .  «^\ 

Hark,  a  twin  crystal,  or  two  OFysfah  jiinsihg  ^ad|  cth<Wut>-^'. . . 
Mai  ix,  the  substance  in  which  metallic  onss  aae^imbaUidi   ^^^^ 
Mechanical  depositions,  beds  or  stnrta  -rtendd  thf^^nibi^^^U^ 
positbnof  aabstnicwsiispBo4ed<xbaanBd  hgri«itano-n^oV^ 
J|e/a&,  .nyndsandaisoatMmsef^  299.  :..  n  « >  ?o  .'    ».  ^* 


■dl7gab> 


\ 


) 


Metallic  bases,  salts  formed  of  metals  combined  with  adds  aie 
said  to  have  metallic  bases.  ■ -:     ^  ' -^ 

Matal^mms,  oontaining  metals.  ^  «v  r\ 

JMsa^asep.  da  :  >/ 

Micacems  ackkif  or  jl^ica  ilale,  see  p.  82;  M( 

Moleculesi  the  olitaaale  partldiis  of  bodies. .  >  \ 

Mud,  volcanic,  p.  334. 

*•    '  ■■■■ 

Nacrf,mtid  JVMrieni;  hiring  the  pearly  histie  af  shoUa. 

Niapiiha^  a  Kglit  ostneral  oil.  *        . 

Native  metals,  such  as  are  found  in  natnre  in  a  ibetalUc-siate. 

Natron,  a  name  for  native  carbonate  of  soda. 

Nickel,  a  peodhar  ODdfal,  which  hkaattei  iv  attraBt«<  hfHhe 
magnet 

JVbe^/oaj  or  ryiirsMf,  having  prati^beiaaccS|lih#a<|^te 

Obsidian, 
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OhskSan,  volcanic  glan,  see  p.  332. 

Ockra,  combinatioDS  of  the  earths  with  oxyd  or  carbonate 
of  iron. 

OBvme^  an  dm-eoloDrod  mineral  found  in  basalt. 

Ooliu,  roe-«toDe,  seep.306«; 

Opalescent  J  tnnsoHtting  yartously  coloarBd  4ight  combined 
with  a  milky  dondfaiess^  as  in  the  siliceous  stone  called 
Opal. 

Ores,  metallic  matter  ooaAnoed  with  extrsneoos  substances. 

Oxjfgen,  a  substance  hitherto  oodecomposed,  which  nnited 
with  hydrogen  forms  water;  with  sooae  combostible 
substances  it  forms  acids.  Substances  oomlnoed  vnih 
oxygen^  but  not  «d£fied,  are  called  oxyds. 

Peat,  see  p.  257. 

Pearl-spar,  a  sparry  iron-ore,  a  carbonate  o^  iroA^  hihring  a 

pearl/lustre.  *  * 

Pearl'Shne,  pearly-ooloured  obsidian. 
Pkospkoresceni,  Juinitiouii  in  the  dark. 
Pitch-stone,  a  hard  brittle  «3iceoos  stcme  resembling  pitdi  in  its 

lustre  and  appearance. 
Plumbago,  black  lead,  graphite,  composed  of  carbon  and  a 

small  quantity  of  iron. 
Porphyry,  seep.  11 9. 
Pot-stone,  a  variety  of  serpentine  from  whidi  vessels  are 

formed. 
Primidve  Ume-stone,  crystalline  marble,  p.  72. 
Pumice,  see  p.  330. 
Puzzolana,  see  p.  335. 
Pyrites,  combinations  of  metals  with  sulphur,  which  have  a 

metallic  lustre. 

Quartz,  see  p.  36. 

(^uartx,  principal  varieiies  of : 

Colourless  and  Crystallized        Rock  crystal 
Purple  do.        —       —         Amethyst 

Blue 


*      j'  * 
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Bine  quartz  — 
Green  do.  — 
Yellow  do.  .    — r 

Red  do. 


-«     Falie  Sappbire 
—      Ph»e 


■  •■  V  I 


(Boie  quartz     . 

CMilKqviatfS.' 

—  Cat'a-eje 

—  Caimgoram  iton^ 
-^      Avanturiivx 


;  .r.w 


Chaloedoiur 
Agate 
Camelian  . 


•*\ 


X-- 


l- 


CbatoTant— -  -^  — 
Smoke  quartz  -^  -*- 
Rainbow  quaitz  -^ 

Traniloceat  anunpbona 
Milky  wbite     —       .— 
Varioua     — .  —       — 

Ditto — 

With  parallel  layers  of  dif-  r  Onyx  * 

ferent  colours  -*-    «- Sardonyx 

Green  and  red  —        — -      Heliotrope 
Apple  green     ^—        — -      Cbrysoprase 
Opalescent       —       —      Opal 
Imperfectly  opalescent —      Seimiopal 
Opfde^nt  in  water  .  -*      Hydropbane 
Various     —   —        —      Flint 
Opaque 

Red  —    —        —      Sinople 

Gray         —   —        —      Chert. 
(^iortzo^^  principally  composed  of  quartz. 


Reddle,  red  iron  ochre. 

Reniform,  kidney-shaped. 

Rider,  a  stony  mass  dividing  a  metallic  vein. 

iZocik  cryf /a/»  cnrstallized  silex. 

Roe-stone,  oolite,  calcareous  stone  with  globules  iinl^Qclded, 

supposed  to  resemble  the  roes  of  fishes. 
Rulnff  a  precious  stone  composed  principally  of  ciyitallized 

clay. 


"•  ■ 


»•*■/.••  •< . 


■  ^  ••». 


Sand'ttone,  red  sand-stone>  see  p.  %. 
Sapphire,  see  note  p.  34. 


>'  ■   .• 


.^■. 


•1  .   • 


Satiin 
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Saiim  spar,  fibroof  c$xbensLtittf^M^^  ^/H^  tttfW 

a  pearly  lustre.   .  »-2v::  d^vt^.  .-:.    t  .w...^ 

Schorl,  a  vdvet-Uack  mineral  ayftallized  fil^''^ldb^ 

P<i«Ma^|f«^M»dr'A«^i£tffii^  .^ 

line  is  a  speciet  of  schorl :  it  beooflM  mc!^  fi)r  be^'  ^ 

Scopiform,  diveiging  like  the  sticks  Utiax  open  &ln.  ^  ''^['^^  ,^ 

SiciUe,  that  akf.ho  eot  wlthoot  btdcui^  Ut  ikt  UiiB^ib^ 

Serpentine,  peep.9(X 

iSft^;  (priti^.)  the  ird?o#  tntranet  into  a  mine.  *'^^^'  ^ 

SA«/e,  slaty  argillaceous  stone. 

SkmU,  seep.  117.  ^^       ' 

Jikr,  see  p.  33. 

Smaragdiie,  a  greenish  mineral  DetSfHSStlp  "t&i^SSaik^\ff 

r     witeteliiertkigistora^  ;    .^^i>:':3n)^' 

^Mir or %Mfti  a natteftocrysbdliMd minendk    .'   ^'^^^'''^ ' 
Spaikose  or  Sparrji  ebiriposadaf  Uv^gokur  cJyiAA£i^pSb. 
Specular^  having  a  poHshed  sor&ce. 
fiMMiMf/:  dStitMoos  idepotfAMis  fiittied'^''^'''  -'^ 


.^u^'^ 


■..-ri'L/ 


^^'i^i*lT 


cafernSj^  cn^ 


AiAigtiiil^;  caloineous  depontbns  loimed  '0ki  tfa^ 

CSfWll^S. 


B.,\^CiV-Pii'' 


A#aftK9  brSM^  fdcl,  il  aoapjr-fesRog  stitee,  obmposed  of 

magnesia,  silex,  and  clay. 
Stratum,  see  p.  29. 
^fimijata^  a  fM^culiaf'  earth,  Utit  Ibund  at  S^ntian  i^^Soot- 

.'.fend.  •  •  -■'  ■  •  ■■  -  ■"  -/■-\'  "^^^" 
SuhcrytHiahe,  imperfectly  ciystaffia^.'  '  ^ '''^;  " 
Swrne-stone,  a  peculiar  lime-stone  which  yields  a  ^Ee^  sokS 

Tabular,  of  an  equal  thickness^  but  long  and  br9id»iimpaie4 

with  the  depth. 
Talc,  see  p.  40.     ^        •.  )  ' 

Takm 
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